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EDITORIAL. 

ITEMS  AND  NOVELTIES. 

The  Belgian  Government  Prizes. — The  following  is  the  text 
of  the  official  letter  from  the  King  of  Belgium  to  the  Minister  of  the 
Interior,  establishing  the  grand  governmental  prize.  It  is  published 
in  the  official  column  of  the  Moniteur  Beige,  of  December  15th  : 

"My  Dear  Minister:  Desiring  to  contribute,  as  much  as  is  in 
my  power,  to  the  development  of  intellectual  labor  in  Belgium,  I 
hereby  announce  my  intention  to  institute,  during  the  continuance 
of  my  reign,  an  annual  prize  of  25,000  francs,  designed  for  the  en- 
couragement of  intelligence  in  workmanship.  This  foundation,  in 
ray  opinion,  should  possess  a  double  character.  It  should  have  for 
its  object,  firstly,  to  stimulate  intellectual  labor  in  our  own  country ; 
and  in  the  second  place,  it  should  call  the  attention  of  the  citizens  of 
other  countries  to  questions  of  interest  to  Belgium,  and  in  this  way 
associate  Belgium  with  the  progress  which  the  sciences,  letters,  and 
arts  are  making  outside  her  domain. 

"In  consequence  of  this  opinion,  the  prize  which  I  hereby  institute 
will  be  awarded  upon  the  following  conditions,  and  in  the  following 
manner  : 

"  During  the  first  three  consecutive  years  it  will  be  awarded  to  the 
best  work  published  in  Belgium,  by  a  Belgian,  upon  subjects  to  be 
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2  Editorial. 

designated  beforehand,  the  award  not  to  be  made  until  five  years  after 
the  announcement  of  the  subject.  The  fourth  year,  citizens  of  other 
countries  will  be  admitted  to  competition,  and  the  prize  will  be  awarded 
to  the  best  work  published  either  by  a  Belgian  or  by  a  foreigner,  upon 
a  subject  of  interest  to  Belgium,  also  announced  in  advance.  In  this 
way,  every  four  years,  a  draft  will  be  made  upon  th*  progress  and 
the  discoveries  of  other  countries  for  the  benefit  of  Belgium.  The 
fifth,  the  sixth,  and  the  seventh  years,  the  prize  will  be  again  restricted 
to  productions  exclusively  Belgian ;  the  eighth  year,  those  of  other 
countries  will  be  again  admitted,  and  so  on  during  each  period  of 
four  years. 

"  A  jury  of  seven  members  will  be  designated  by  the  Minister  of 
the  Interior,  acting  in  concert  with  myself,  for  the  purpose  of  deciding 
upon  the  works  presented.  The  subject  matter  of  the  concours 
being  changed  each  year,  the  jury  will  also  be  modified  every  year. 

"  The  jury,  on  the  years  when  foreigners  compete,  will  be  composed 
of  three  Belgian,  and  of  four  foreign  members  of  different  nationali- 
ties. The  president  will  be  a  Belgian.  I  do  not  believe  that  there 
will  be  found,  among  the  savants  of  any  country  friendly  to  us,  any 
■who  will  refuse  to  assist  us,  or  to  decline  to  take  their  places  with  the 
Belgian  jurors  in  Brussels. 

"  Not  wishing  to  postpone  for  five  years  the  execution  of  my  pur- 
pose, I  desire  that,  as  a  temporary  arrangement,  the  first  award  of 
the  prize  shall  be  made  during  the  September  fetes  of  the  year  1878. 

"For  the  first  four  years,  the  prize  will  be  thus  awarded:  In  1878 
(competition  exclusively  Belgian),  for  the  best  work  upon  our  national 
history  ;  in  1879  (also  exclusively  Belgian),  for  the  best  work  on 
architecture ;  in  1880  (exclusively  Belgian),  for  the  best  work  upon 
the  development  of  the  commercial  relations  of  Belgium ;  in  1881 
(competition  mixed),  for  the  best  work  upon  the  methods  of  improving 
seaports  situated  upon  low  and  sandy  coasts  like  our  own. 

"  Next  year,  the  subject  for  which  the  prize  will  be  awarded  in 
188^,;ixl  be  announced,  and  so  on  ;  each  year  the  subject  will  be 
announced  for  which  the  prize  will  be  awarded  five  years  thereafter. 
I  beg  of  you,  my  dear  Minister,  to  take  the  necessary  steps  to  carry 
into  immediate  execution  the  plan  of  which  I  have  now  sketched  to 
you  the  outline,  and  to  receive  anew  the  expression  of  my  affectionate 
regard." 

"LEOPOLD." 

Brussels,  December  Zd,  1874, 


Items  and  Novelties.  3 

Explosives  as  Sources  of  Power. — In  considering  the  motive 
power  of  the  future,  it  is  impossible  not  to  reflect  upon  the  possible 
utilization  for  this  purpose  of  explosive  agents,  such  as  gunpowder, 
the  picrates,  etc.  They  all  may  be  considered  as  magazines  of  im- 
mense power,  incomparably  greater  than  the  power  stored  up  in  any 
of  the  ordinary  combustibles,  such  as  coal  or  petroleum.  In  this 
view  of  the  case,  the  following  extract  from  a  paper  by  M.  Champion, 
an  excellent  authority  upon  the  subject,  becomes  interesting : 

"  It  is  estimated  that  the  explosive  power  of  nitro-glycerin  is  equal 
to  ten  times  that  of  gunpowder,  and  that  half  a  kilogram  (1-1  pounds) 
would  lift  from  the  ground  and  project  a  weight  of  160,000  kilograms. 
The  heat  evolved  in  the  reaction  is  about  1,282,000  calories  for  each 
kilogram.  This  same  kilogram  of  nitro-glycerin,  exploding  in  a 
closed  space  having  a  volume  of  one  liter,  develops  a  theoretical 
pressure  of  243,000  atmospheres,  a  temperature  of  93,400  degrees, 
and  a  quantity  of  heat  equal  to  19,700,000  calories. 

*' One  liter  of  nitro-glycerin  weighs  16  kilograms.  In  exploding 
in  a  space  completely  filled  with  it,  as  happens  in  a  blast-hole  in 
mining  operations,  or  when  operating  under  water,  this  substance 
develops  a  pressure  of  470,000  atmospheres ;  a  pressure  eight  to  ten 
times  that  produced  by  the  same  volume  of  gunpowder. 

"  The  heat  thus  developed  being  38,000,000  calories,  the  mechani- 
cal labor  produced,  which  is  the  equivalent  of  this,  rises  to  the  enor- 
mous number  of  more  than  sixteen  thousand  million  kilogram-meters, 
a  value  five  times  that  of  the  maximum  value  of  gunpowder." 

"  A  kilogram  of  coal  contains  about  8000  calories,"  says  the  Revue 
Tndustrielle,  "  each  calory  being  equivalent,  theoretically,  to  120 
kilogram-meters.  Hence,  the  maximum  mechanical  work  of  1-G  kilo- 
grams of  coal  would  be  5,476,000  kilogram-meters;  a  quantity  3000 
times  less  than  is  produced  with  the  same  weight  of  nitro-glycerin. 

"Is  not  the  imagination  of  the  most  enthusiastic  inventor"  it  con- 
tinues, "  staggered  in  presence  of  these  enormous  numbers  ?  What 
an  answer,  too,  do  these  figures  furnish  to  the  pessimists  who  see  in 
the  exhaustion  of  our  coal  mines  the  extinction  of  the  industries  of 
the  future  !  In  a  single  liter  of  nitro-glycerin  there  is  stored  up  the 
enormous  labor  of  5500  horse-powers  acting  continuously  for  ten 
hours!'' 
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Japanese  Paper. — In  the  Japan  department  of  the  Vienna  Ex- 
hibition, a  series  of  objects  made  from  paper  were  exhibited  which 
excited  great  interest.  Among  other  articles,  there  were  to  be  seen 
in  this  collection,  handkerchiefs,  towels,  umbrellas,  cloaks  and  other 
articles  of  dress,  lanterns,  etc.  ;  and  all  made  of  paper,  of  a  texture 
exceedingly  firm.  The  manufacture  of  such  paper  is  extremely  com- 
plicated, and  is  almost  unknown  in  Europe  and  America.  The  fol- 
lowing facts  in  relation  to  it  are  taken  from  a  Report  recently  made 
upon  this  subject  to  the  Society  of  German  Orientalists,  by  M.  Zappe. 

For  the  manufacture  of  their  paper,  the  Japanese  have  used  for 
centuries  the  bark  of  the  Broutonessia  papj/rifera,  which  grows 
throughout  almost  the  entire  extent  of  the  empire.  The  culture  of 
the  plant  is  very  simple :  old  roots,  cut  into  lengths  of  about  four 
inches,  are  thrust  into  the  ground  so  that  about  an  inch  projects 
above  the  surface.  The  first  year  these  roots  give  a  growth  of  shoots 
about  a  foot  long,  and  the  second  year  a  growth  of  two  to  three  feet. 
At  the  end  of  the  third  year  the  plant  has  a  total  height  of  nearly 
fourteen  feet.  The  tenth  month  of  each  year  these  shoots  are  cut  oif 
on  a  level  with  the  top  of  the  root.  Each  shoot  consequently  yields 
five  branches ;  so  that  at  the  end  of  five  years  there  is  formed  a  large, 
bushy  tree,  the  branches  of  which  may  be  used  for  the  manufacture 
of  paper. 

The  branches  are  cut  for  this  purpose  in  winter.  They  are  divided 
into  pieces  of  twenty-eight  inches  in  length,  and  these  are  heated  in 
water  until  the  bark  is  readily  removed  by  the  hand.  This  bark  is 
then  seasoned  by  exposure  to  the  air,  an  operation  which  requires 
from  two  to  three  days  at  the  ordinary  temperature,  and  twenty-four 
hours  only  during  high  winds.  After  an  immersion  of  at  least  twenty- 
four  hours  in  running  water,  the  bark  is  submitted  to  the  action  of  a 
sharp  cutting  edge  placed  above  a  matting  of  straw ;  the  object  being 
to  separate  the  two  sorts  of  fibers  of  which  it  is  composed;  the  exte- 
rior fibers,  dark  in  color,  '"'■  saru  hawa,''  being  used  in  the  preparation 
of  a  paper  of  inferior  quality,  such  as  the  cMri  garni,  or  the  kizo  suki. 

The  finer  varieties  of  paper  are  made  with  the  interior  fibers,  called 
sosori.  These  are  rolled  together  in  balls  of  about  thirty  pounds 
weight,  which  are  washed  in  running  water,  are  then  placed  in  flat 
tanks  of  water,  and  are  withdrawn  after  a  certain  time  and  the  water 
pressed  out.     They  are  then  heated  in  a  lye  made  from  the  ashes  of 
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buckwheat  bran,  taking  care  to  agitate  them  constantly  with  stirrers, 
until  the  liquid  is  brought  to  active  ebullition.  A  new  washing  in 
running  water  deprives  them  finally  of  all  impurities.  They  are  with- 
drawn and  subjected  for  twenty  minutes  to  a  beating  upon  a  block  of 
oak  or  cherry  ;  after  which  they  are  collected  into  bales  and  placed  in 
heaps,  forming  the  material  for  the  pulp. 

During  the  fabrication  of  the  paper,  there  is  added  to  the  liquid 
mass  a  little  tororo,  extracted  from  the  root  of  the  hibioeus  manihot. 
In  summer,  rice-water  is  also  added,  in  order  to  prevent  the  ravages 
of  worms.  The  pulp  thus  obtained  is  subsequently  made  into  paper 
by  a  process  analogous  to  that  employed  in  Europe  for  making  paper 
from  rags. 

The  variety  called  leather-paper  is  made  by  the  superposition  of 
several  layers  of  the  paper  called  toza-senka.  These  are  first  soaked 
in  the  oil  of  the  yenoki  (Cellis  wildenowiana),  then,  after  having  sub- 
jected them  to  strong  pressure,  they  are  covered  with  a  layer  of 
lacquer. 

Clothing  is  made  with  a  paper  called  shifu.  The  sheets  of  this 
paper  are  cut  into  strips,  more  or  less  wide,  according  to  the  fineness 
of  the  material  to  be  made.  These  are  then  twisted  into  threads  by 
the  fingers  previously  moistened  with  milk  of  lime.  These  threads 
are  woven  into  cloth,  either  alone,  or  mixed  with  silk.  The  materials 
made  of  them  can  be  washed,  and  have  great  strength. 

Crape-paper  is  made  with  very  firm  sheets,  which  are  first  moist- 
ened with  water,  and  over  which  is  rolled,  first  lengthwise  and  then 
crosswise,  a  wooden  roller,  on  which  is  engraved  the  design. 

Besides  the  Broutonessia  papyri/era,  the  Japanese  employ  also 
the  Edgeworthia  papyrifera^  in  the  manufacture  of  paper.  The  mode 
of  manufacture  is  identical  with  that  which  has  just  been  described. 

Very  Resistant  Glass,  almost  Malleable. — A  manufacturer 
of  Pont-d'Ain,  M.  de  la  Batie,  has  discovered  a  means  of  rendering 
glass  almost  malleable,  and  is  about  to  erect  a  factory  for  the  produc- 
tion of  articles  of  this  new  glass.  From  his  patents  it  appears  that 
his  process  consists  in  annealing  the  glass  while  yet  in  a  pasty  state, 
at  the  time  of  its  fusion  and  in  the  furnaces  where  it  is  made.  This 
annealing  should  be  effected  in  a  liquid  ad  hoc  and  under  special  con- 
ditions. This  operation,  while  it  does  not  render  the  glass  absolutely 
malleable,  increases  its  resisting  power  about  forty  times.     We  have 
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seen,  says  the  Revue  Indiistrielle,  an  ordinary  pane  of  window  glass 
thus  annealed,  upon  which  was  allowed  to  fall  from  a  hight  of  six  feet 
a  five  franc  piece,  without  causing  the  least  damage.  The  importance 
of  this  discovery  in  all  branches  of  glass  manufacture  cannot  fail  to  be 
very  great.  The  new  glass  works  of  M.  de  la  Batie  will  be  established 
at  Pont-d'Ain.  A  company  has  been  formed  with  a  capital  of  250, 
000  francs  for  the  purpose  of  putting  the  invention  into  practical  ope- 
ration. 


Tables  for  the  Determination  op  Minerals  h^/  those  Physical 
Properties  ascertainable  by  the  aid  of  such  simple  Instruments  as  every 
Student  m  the  Field  should  have  with  him.  Translated  from  the  German 
of  Weisbach.  Enlarged  and  furnished  with  a  set  of  Mineral  Formulas, 
a  column  of  Specific  Gravities,  and  one  of  the  characteristic  Blowpipe 
Reactions.  By  Persifor  Frazer,  Jr.,  A.  M.,  &c.  12mo.,  pp.  117. 
Philadelphia,  1875.     J.  B.  Lippincott  &  Co. 

The  German  student  of  Mineralogy  is  fortunate  in  having  at  dispo- 
sition quite  an  array  of  convenient  tables  to  aid  him  in  his  determina- 
tions. Of  these  Handbooks,  or  Tafeln  zdr  Bestimmitng  der  Miner- 
alien^  the  works  of  Weisbach,  Blum,  v.  Kobell,  and  Fuchs  are  perhaps 
the  best  known.  Most  of  them,  however,  are  only  of  value  in  the 
class  room  or  the  laboratory,  or  premise  considerable  practical  ac- 
quaintance with  crystallography.  The  work  of  Blum,  for  instance, 
is  purely  crystallographic ;  that  of  v.  Kobell,  though  making  a  pri- 
mary division  into  minerals  with  and  without  metallic  lustre,  identi- 
fies them  solely  by  their  chemical  properties,  while  that  of  Fuchs 
combines  the  features  of  both.  None  of  these  works  are  well  adapted 
to  the  wants  of  the  student,  prospector,  or  mineral  collector  when  in 
the  field  and  deprived  of  the  convenient  accessories  of  the  laboratory. 
The  wants  of  this  large  class  have  been  recognized  and  admirably 
met  in  the  Tables  of  Prof.  Weisbach,  which  the  translation  of  Prof. 
Frazer  has  made  accessible  to  those  who  are  not  familiar  with  the 
language  of  the  original. 

In  these  tables  the  minerals  are  divided  into  three  classes,  which 
are  readily  determined  by  simple  inspection,  viz.:  those  of  metallic 
lustre ;  those  of  non-metallic  lustre  which  give  a  colored  powder ; 
and  those  of  non-metallic  lustre  and  colorless  streak.  The  sub- 
divisions which  lead  to  the  specific  identification   of  the   species  are 
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founded,  first  on  the  test  of  hardness,  which  is  then  supplemented  by 
the  additional  aids  of  the  other  physical  properties,  color,  tenacity, 
crystallization,  and  cleavage. 

Armed  with  the  few  simple  paraphernalia,  which  the  student  or 
collector  in  the  field  is  always  supposed  to  carry — hammer,  file,  knife, 
streak-tablet,  and  magnifier — he'  is  prepared,  with  the  aid  of  this 
pocket  bock,  to  identify  most  of  the  minerals  he  may  meet.  We  can 
cordially  recommend  the  tables  as  highly  useful  and  conveniently 
arranged,  and  trust,  at  the  same  time,  that  one  criticism  that  we  have 
heard  passed  upon  them  may  find  no  grounds  in  a  second  edition,  by 
the  interpolation  of  a  number  of  distinctively  American  species  that 
are  wanting  in  this  one.  W. 


SPECIAL  MEETING. 

Hall  of  the  Institute,  Dec.  7th,  1874. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Mr.  Coleman  Sellers,  in  the  chair. 

The  President  stated  the  object  of  the  meeting,  and  ordered  the 
reading  of  the  call  on  account  of  which  he  had  authorized  it. 

The  Secretary  then  read  the  following  communication : 

Hall  of  the  Franklin  Institute,  Dec.  2,  1874. 

Coleman  Sellers,  Esq.,  President  Franklin  Institute. — Dear  Sir  — 
The  undersigned  members  request  that  you  call  a  special  meeting  of 
the  Institute  on  Monday  next,  7th  inst.,  to  prepare  for  the  Board  of 
Managers  at  their  meeting  on  the  9th  inst.,  plans  for  the  immediate 
augmentation  of  the  Library  and  alteration  of  the  Building. 

(Signed  by  21  members.) 

The  President  thereupon  pronounced  the  meeting  ready  to  proceed 
with  its  special  business. 

The  Actuary  presented  the  following  resolutions  from  the  Library 
Committee,  which  had  been  passed  at  its  meeting  Dec.  7th,  1874: 

Resolved,  That  the  following  resolutions  be  recomna^nded  to  the 
Institute  for  adoption  : 
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1st.  That  the  Board  of  Managers  be  requested  to  make  an  appro- 
priation to  the  Library  Committee,  which  will  enable  it  to  make  the 
library  more  nearly  complete  for  the  purposes  of  the  Institute. 

2d.  That  the  Library  Committee  be  authorized  to  sell  such  books 
as  have  no  reference  to  the  purposes  of  the  Institute. 

Mr.  Wm.  P.  Tatham  moved  the  adoption  of  the  resolutions. 

Mr.  Joseph  Willcox  objected  to  the  first  resolution,  that  it  was  too 
indefinite,  and  that  a  sum  of  money  should  be  appropriated ;  or  at 
least  a  sum  named  as  a  limit. 

Mr.  B.  H.  Moore  suggested  that  the  sum  to  be  appropriated  might 
safely  be  left  to  the  discretion  of  the  Board  of  Managers. 

Mr.  Willcox  moved  lo  amend  the  first  resolution  by  inserting  that 
"  the  sum  to  be  expended  shall  not  exceed  $10,000." 

Mr.  Tatham,  in  reply  to  an  inquiry  from  the  meeting,  described 
the  kind  of  books  in  the  library  proposed  to  be  sold  by  the  second 
resolution. 

Mr.  J.  E.  Mitchell  doubted  the  expediency  of  spending  ?o  much 
jnoney  as  $10,000  in  the  present  location  of  the  Institute. 

Mr.  Moore  urged  that  the  immediate  expenditure  of  a  respectable 
sum  of  money  for  the  augmentation  of  the  Library,  was  a  matter  of 
prime  importance,  but  added  that  the  Board  of  Managers  was  the 
proper  authority  to  decide  upon  the  sum  to  be  thus  expended. 

Dr.  J.  S.  Cohen  wished  to  know  what  sum  the  committee  had  in 
view  in  their  resolutions. 

Mr.  J.  W.  Nystrom,  from  the  committee,  named  $2000  to  $3000. 

Mr.  Cheney  offered  as  a  second  amendment  to  the  first  resolution, 
that  the  sum  to  be  appropriated  be  left  to  the  judgment  of  the  Board. 

Mr.  S.  Lloyd  Wiegand  asked  for  information  as  to  whether  the 
general  meeting  was  competent  to  order  the  appropriation  of  money, 
or  whether  its  authority  was  not  limited  to  the  passage  of  a  sugges- 
tion or  recommendation  to  the  Board.  The  President,  in  reply,  read 
from  the  By-Laws  the  section  referring  to  the  functions  of  the  Board, 
and  explained  that  all  authority  in  matters  of  finance  was  solely 
vested  in  the  Board,  and  that  it  alone  possessed  authority  to  order 
the  expenditure  of  moneys  of  the  Institute. 

The  second  amendment,  which  leaves  the  amount  of  money  to  be 
expended,  to  the  discretion  of  the  Board  of  Managers,  was  thereupon 
put  to  the   meeting  and  was  carried.     As   the  first  amendment  was 
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neutralized  by  the  passage  of  the  second,  it  was  withdrawn.  The 
question  upon  the  first  resolution  as  amended  was  then  put  to  vote, 
and  carried. 

Upon  the  second  resolution,  Mr.  Hector  Orr  inquired  whether  the 
Board  of  Managers  had  the  authority  to  sell  any  property  of  the 
Institute,  without  previous  consent  obtained  from  a  meeting  of  the 
stockholders.  The  President  read  for  the  information  of  the  meeting 
from  the  By-Laws,  the  powers  of  the  stockholders. 

Mr.  Chas.  S.  Close  remarked  that  if  the  Library  Committee  should 
report  that  a  lot  of  useless  material  was  taking  up  valuable  space  im- 
peratively needed  for  useful  purposes,  no  one  would  raise  objection  as 
to  its  sale,  or  inquire  upon  what  authority  it  was  disposed  of. 

Mr.  Tatham  said  that  the  object  of  the  Committee  in  presenting  the 
second  resolution  was  to  get  more  space  in  the  Library  room. 

Mr.  Cheney  amended  the  resolution  by  the  clause,  that  "  the  pro- 
ceeds of  such  sale  be  devoted  to  the  improvement  of  the  Library." 
The  amendment  was  accepted  on  behalf  of  the  committee  by  Mr. 
Tatham.  The  resolution  as  amended  was  offered  to  the  meeting  and 
carried. 

The  two  resolutions  as  amended  and  adopted,  read  as  follows  : 

Itesolved,  That  the  Board  of  Managers  be  requested  to  make  an 
appropriation  to  the  Library  Committee  which  will  enable  it  to  make 
the  Library  more  nearly  complete  for  the  purposes  of  the  Institute, 
the  sum  to  be  thus  appropriated  being  left  to  the  discretion  of  the 
Board. 

Resolved,  That  the  Library  Committee  be  authorized  to  sell  such 
books  as  have  no  reference  to  the  purposes  of  the  Institute,  the  pro- 
ceeds of  such  sale  to  be  appropriated  to  the  improvement  of  the 
Library." 

Mr.  Thomas  Shaw  referred  to  the  privileges  conferred  upon  the 
stockholders  as  being  extraordinary,  and  inciuired  whether  any  alter- 
ation of  the  building  was  possible  without  their  consent  having  been 
first  obtained.  The  President  decided  that  the  consent  of  the  stock- 
holders was  not  needed. 

Dr.  Cohen  referred  to  the  necessity  of  having  a  printed  catalogue 
for  the  library,  and  moved  that  the  importance  of  this  matter  be 
urged  upon  the  Library  Committee.     Carried. 

Mr.  Robert  Grimshaw  next  presented  certain  views  concerning  the 
future  policy  of  the  Institute,  involving  a  considerable   expansion  of 
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its    present    operations,    and   in    conclusion    offered     the    following 
resolutions : 

Resolved,  That  it  is  the  sense  of  this  meeting  that  the  Board  of 
Managers  be  urged  to  take  such  action  at  their  next  meeting  as  will 
result  in  the  most  speedy  alteration  of  the  present  buijding  to  adapt 
it  to  the  wants  of  the  Institute,  and  to  introduce  steam  heating  and 
ventilating  arrangements  in  all  parts  under  the  supervision  of  a  joint 
committee  composed  equally  from  the  Board  and  the  members  at 
large. 

Mr.  Nystrom  suggested  that  the  committee  that  had  been  author- 
ized at  the  last  meeting  was  the  proper  one  to  which  to  refer  the 
resolution  just  offered. 

Mr.  Mitchell  protested  against  the  tenor  of  the  resolution.  He 
urged  that  it  should  be  the  aim  of  the  Franklin  Institute  to  emulate 
the  usefulness  of  the  many  Polytechnic  Institutes  of  Europe  ;  in- 
stancing those  of  London,  Paris,  Berlin,  and  especially  that  of 
Vienna,  as  excellent  models.  He  added  that  it  was  impossible  to 
place  the  present  building  upon  such  an  extensive  basis  as  was  de- 
manded by  the  spirit  of  the  times.  He  further  urged  the  appropria- 
tion of  the  profits  of  the  late  exhibition,  and  of  the  money  that  might 
be  derived  from  the  sale  of  the  present  lot  and  building  occupied  by 
the  Institute,  to  the,  purchase  of  another  site  and  the  erection  of 
another  building. 

Mr.  Wiegand  next  occupied  the  floor  in  defence  of  the  resolution. 
He  claimed  that  the  Institute  was  not  making  by  any  means  the  best 
use  of  the  place  and  room  it  now  possessed ;  and  explained  at  length, 
with  the  aid  of  projections  on  the  screen,  a  plan  suggested  by  certain 
members  of  the  Institute  to  remodel  the  present  building.  The  plan 
in  question  involved  the  enlargement  of  the  lecture  room  to  nearly 
twice  its  present  seating  capacity,  besides  increasing  its  conveniences 
for  illustrative  purposes  and  lectures,  an  equivalent  enlargement  of 
the  present  library  room  and  drawing  school,  the  establishment  of 
eflficient  laboratories,  and  the  steam  heating  of  the  whole  building. 
These  alterations,  he  asserted,  could  be  effected  at  a  cost  not  exceed- 
ing $500  a. 

Mr.  Mitchell  thought  the  plan  described  was  altogether  inadequate 
to  the  wants  of  the  Institute,  and  moved  that  the  resolution  be  re- 
ferred to  the  committee  to  be  appointed  by  the  President  at  the  next 
regular  meeting. 
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Messrs.  Shaw  and  Gray  opposed  such  reference,  as  the  result 
would  be  simply  to  bury  it,  and  the  purpose  of  the  mover  of  the  reso- 
lution was  to  obtain  the  sense  of  the  present  meeting  on  the  subject. 

The  question  was  still  further  debated  by  Messrs.  Gray,  LeVan, 
Leffmann,  Wise,  Orr,  Bennet,  Close,  and  Branson. 

The  question  upon  Mr.  Mitchell's  amendment  to  refer  to  a  com- 
mittee was  lost,  and  the  resolution  was  thereupon  carried. 

The  meeting  was  then,  on  motion,  adjourned. 

"William  H.  Wahl,  Secretary. 


Hall  of  the  Institute,  December  16th,  1874. 

The  meeting  was  called  to  order  at  the  usual  time,  with  the  Presi- 
dent, Mr.  Coleman  Sellers,  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  adopted,  as  also 
those  of  the  special  meeting  held  Monday,  Dec.  7th. 

The  Actuary  then  submitted  the  minutes  of  the  Board  of  Mana- 
gers, and  of  the  several  standing  committees.  He  likewise  reported 
the  following  extracts  from  the  minutes  of  the  Board,  viz.: 

^'■Resolved,  That  a  committee  be  appointed  by  the  Board  to  prepare 
and  submit  plans  for  the  improvement  of  the  present  Institute  build- 
ing."    Carried, 

The  President  then  appointed  the  following  gentlemen,  six  from 
the  Board  and  six  from  the  members  at  large,  to  serve  upon  that 
committee,  viz.: 

•From  Board. — Chas.  S.  Close,  J.  Vaughan  Merrick,  Joseph  M. 
Wilson,  Robert  E.  Rogers,  E.  J.  Houston,  J.  E.  Mitchell. 

From  Institute. — Robert  Grimshaw,  S.  Lloyd  Wiegand,  J.  B. 
Knight,  J.  Solis  Cohen,  Wm.  B.  Bement,  John  McClure. 

The  Actuary,  from  the  minutes  of  the  Board,  likewise  reported 
that  at  their  last  meeting  the  following  donations  to  the  library  had 
been  received : 

Annales  des  Ponts  et  Chaussdes,  for  July  and  August,  1874.  Paris. 
From  the  Editor. 

U.  S.  Coast  Survey  Report,  1874.  Appendix:  Tidal  Researches, 
by  Wm.  Ferrel,  A.  M.     Tidal  Discussion  of  Tides  in  Boston  Harbor, 
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by  Wm.  Ferrel.  Washington,  1874.  From  C.  P.  Patterson,  Super- 
intendent. 

Report  of  the  Department  of  Agriculture  for  1873.  Washington, 
1874.     From  the  Commissioner. 

Mittheilungen  der  K.  K.  Geographischen  Gesellschaft  in  Wien, 
for  1873.     Vienna,  1874.     From  the  Society. 

Zeitschrift  des  Architekten  und  Ingenieur  Vereins  zu  Hannover. 
Vol.  XX,  Part  2.     From  the  Society. 

Documents  relatif  au  Congrds  International  des  Sciences  Geo- 
graphiques,  qui  se  rdunira  d  Paris  en  1875.  Paris,  1875.  From  the 
Commissioner. 

Circulars  of  Information  of  the  Bureau  of  Education.  No.  2, 1874. 
Washington.     From  the  Bureau  of  Education. 

Tilghman's  Sand  Blast.  From  Gorham  Blake,  General  Agent  for 
the  U.  S. 

Annual  Report  upon  the  Improvement  of  Rivers  and  Harbors  in 
New  Jersey,  Pennsylvania,  and  Delaware,  in  charge  of  J.  D.  Kurtz, 
Lieut.-Colonel  of  Engineers,  etc.,  U.  S.  A.  Washington,  1874.  From 
the  author. 

Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers,  with 
abstracts  of  the  Discussions,  Vols.  37-38.  London.  From  the 
Society. 

Report  of  the  Chief  Signal  Officer,  War  Dept.  1872-73.  From 
the  signal  officer  at  Philadelphia. 

Report  of  the  Commissioner  of  Fish  and  Fisheries,  Part  2,  for 
1872-73.     Washington.     From  the  Commissioner. 

The  report  of  the  Secretary  on  novelties  in  science  and  the  me- 
chanic arts  next  followed  ;  upon  which  the  President  gave  an  account 
of  a  recent  discovery  of  mica  in  considerable  quantities  and  of  good 
quality  on  the  coast  of  Labrador. 

Nominations  for  officers  of  the  Institute  were  then  declared  in 
order,  and  the  President  announced  that,  in  accordance  with  the 
By-Laws,  there  were  to  be  chosen  at  the  stated  meeting  next  follow- 
ing, a  President,  Secretary,  Treasurer,  and  Auditor,  to  serve  for  one 
year,  a  Vice-President  and  eight  Managers  to  serve  for  three  years, 
and,  in  consequence  of  the  resignation  of  Mr.  F.  B.  Miles  from  the 
Board,  before  the  expiration  of  his  term  of  office,  one  Manager  to 
Bcrve  for  two  years. 
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The  following  members  were  then  put  in  nomination  : 

For  President,  Coleman  Sellers  (declined),  Bloomfield  II.  Moore, 
Dr.  Robert  E.  Rogers. 

For  Vice-President,  J.  E.  Mitchell,  Coleman  Sellers,  Charles  S, 
Close,  Wm.  P.  Tatham. 

For  Secretary,  William  H.  Wahl  (declined),  J.  B.  Knight,  Robert 
Grimshaw. 

For  Treasurer,  Fred'k  Fraley. 

For  Managers  for  three  years,  Theo.  D.  Rand,  Thos.  Shaw  (de- 
clined), Thos.  J.  Lovegrove,  Sterling  Bonsall,  Washington  Jones,  G. 
Morgan  Eldridge,  Jas,  M.  Wilson,  Coleman  Sellers,  William  H. 
Wahl,  Pliny  E.  Chase,  Th.  Norris,  Jr.  (declined),  Chas.  S.  Close, 
Wm.  P.  Tatham,  Stephen  P.  M.  Tasker  (declined),  Geo.  F.  Barker, 
Cyrus  Chambers,  Jr.,  Chas.  H.  Cramp,  J.  Sellers  Bancroft,  John  H. 
Cooper  (declined),  Chas.  H.  Heller,  Chas.  M.  Cresson,  ^Vm.  B.  Be- 
ment,  Sam.  S.  Hart  (declined),  Isaac  Norris,  Jr. 

For  Manager  for  tivo  years,  Samuel  Hart,  Alex.  Purves,  Geo.  V. 
Cresson,  and 

For  Auditor,  James  H.  Cresson. 

The  President  then  announced  the  appointment  of  the  following 
members  to  serve  as  Judges  of  the  Election,  namely  : 

William  A.  Rolin,  Geo.  Gordon,  M.  W.  Haines,  John  Hoskin, 
William  Biddle,  Samuel  Sartain,  and  William  Taggart. 

The  Secretary  then  read  by  request  a  paper  presented  by  Mr. 
Thomas  Shaw,  alleging  a  number  of  grievances  suffered  by  various 
exhibitors  who  participated  in  the  late  exhibition,  and  charging  upon 
the  Board  of  Managers  certain  irregularities — notably  in  their  not 
complying  with  their  printed  rules  and  regulations,  and  in  overstep- 
ping their  autliorities.  On  the  conclusion  of  the  reading  Islw  Shaw 
offered  the  following  preamble^  and  resolution,  viz. : 

Whereas,  The  action  of  the  Board  of  Managers  in  making  awards 
of  premiums  on  articles  competing  at  late  exhibition  has  caused  a 
great  deal  of  dissatisfaction  on  the  part  of  exhibitors,  who  complain 
that  the  Board  has  not  complied  with  the  rules  and  regulations  under 
which  they  invited  competition  ;   therefore, 

Resolved,  That  a  Committee  of  Appeal,  consisting  of  seven  mem- 
bers be  nominated  by  this  meeting  from  among  those  not  managers, 
which  committee  shall  have  power  to  examine  any  case  which  may  be 
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brought  before  them  on  appeal  and  decide  whether  the  award  of  pre- 
mium as  made  by  the  Board,  is  in  accordance  with  the  rules  and  reg- 
ulations adopted  and  published  by  said  Board,  and  if  they  may  find 
said  rules  have  not  been  complied  with,  then  to  modify  said  award  in 
accordance  with  said  rules  and  the  requirements  of  justice. 

The  resolution  was  seconded  by  Mr.  Gray. 

Mr.  J.  B.  Burleigh  moved  to  amend  by  referring  the  subject  to  the 
Committee  on  Science  and  the  Arts. 

The  amendment  was  discussed  pro  and  con  by  Messrs.  Burleigh, 
Shaw,  and  others. 

Mr.  Henry  Cartwright  stated  that  the  mover  of  the  resolution  was 
probably  not  correctly  informed  as  to  the  official  action  of  the  Board 
upon  the  awards,  and  that  any  misunderstanding  could  be  obviated  if 
the  President  would  state  what  had  been  done  concerning  the  adjust- 
ment of  disputed  cases.  • 

The  President  then  stated  that  he,  as  well  as  other  officers  of  the 
Institute,  had  been  the  recipient  of  a  number  of  complaining  letters, 
and  that  these  had  invariably  been  referred  to  the  Judges  ;  that  the 
Judges  of  many  of  the  classes  had  met  and  reviewed  their  work  in 
the  light  of  the  objections  raised,  and  that  they  had  in  a  number  of 
instances  modified  their  reports  ;  that,  furthermore,  these  modified  re- 
ports would  be  brought  up  before  the  Board  again  on  the  Monday 
following.  The  President  then  read  the  form  of  circular  that  had 
been  addressed  to  the  Judges  for  this  purpose. 

Mr.  Sterling  Bonsall  and  Mr.  Gray  then  successively  occupied  the 
floor,  claiming  that  the  Managers  had  overstepped  their  authority  in 
presuming  to  revise  and  amend  the  reports  of  the  Judges ;  claiming 
from  the  statements  of  the  printed  rules  and  regulations,  that  the 
choice  of  the  awards  of  merit  was  vested  in  the  Judges,  and  that 
their  decision  should  be  final. 

Messrs.  Lovegrove  and  Burleigh  then  occupied  the  floor  in  favor 
of  the  amendment  to  refer  to  the  Committee  on  Science  and  the  Arts. 

Mr.  Chas.  S.  Close  remarked  that  any  action  upon  the  resolution 
or  the  amendment  at  this  time  would  be  premature,  in  view  of  the 
fact  that  as  yet  the  report  of  the  Board  of  Managers  had  not  been 
officially  made  public.  He  therefore  moved  the  postponement  of 
action  upon  the  same  until  the  next  monthly  meeting. 

In  connection  with  the  same  subject,  Mr.  Gravenstine  called  atten- 
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tion  to  a  communication  which  he  had  addressed  to  the  Institute,  and 
"was  now  in  possession  of  the  Secretary. 

The  President  decided  that  the  whole  subject  had  been  postponed 
by  the  resolution  just  passed. 

The  President  then  announced  the  following  committee  to  consider 
the  subject  of  the  selection  of  a  new  site  and  the  erection  of  a  new 
building  for  the  Institute,  which  committee  had  been  ordered  at  the 
stated  meeting  previous  to  this,  viz. :  Messrs.  J.  W.  Nystrom,  chair- 
man ;  William  Sellers,  J.  Vaughan  Merrick,  Enoch  Lewis,  and  Henry 
G.  Morris. 

The  meeting  thereupon  adjourned. 

William  H.  Wahl,  Secretary. 


SPECIAL  MEETING. 


Hall  of  the  Institute,  December  23d,  1874. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  Vice-Pres- 
ident, Dr.  Robt.  E.  Rogers,  in  the  chair. 

The  Secretary  read  the  following  call,  in  obedience  to  which  the 
President  had  authorized  the  meeting,  viz  : 

Hall  of  the  Franklin  Institute,  Dec.  18<A,  1874. 

Coleman  Sellers,  Ex-Pres't., — Dear  Sir: — The  undersigned  mem- 
bers of  the  Franklin  Institute,  respectfully  request  that  a  Special 
Meeting  be  called  for  Wednesday  Evening,  23d  inst.,  to  consider 
some  proposed  changes  in  the  By-Laws,  to  be  discussed  at  the  next 
stated  meeting. 

(Signed  by  twelve  members  and  authorized  by  the  President.) 

The  President  pro  tern.,  declared  the  meeting  ready  to  transact  its 
business. 

Mr.  Gray  then  called  for  the  reading  of  the  minutes  of  the  last 
meeting  of  the  Board  of  Managers. 

The  President  jt?ro  tern,  decided  that  the  call  for  the  minutes  of  the 
Board  is  only  in  order  at  the  stated  meetings  of  the  Institute. 

Mr.  Wicgand  then  read  from  the  By-Laws,  Section  XV,  that  the 
Board  shall  keep  regular  minutes  of  their  proceedings,  which  shall  be 
open  at  all  times  to  the  inspection  of  members. 
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Mr.  Close  remarked  that  the  minutes  were  at  all  times  open  for  in- 
spection, but  that  the  present  meeting  was  only  interested  in  the 
objects  specified  in  the  call. 

Several  members  then  followed  with  an  inquiry  as  to  the  object  of 
the  meeting. 

Mr.  Robert  Grimshaw  in  reply  offered  the  following  resolution, 
which  was  duly  seconded  by  Mr.  George  Gordon,  viz. : 

Resolved,  "  That  a  committee  of  two  from  the  Board  of  Managers, 
and  five  from  the  members  at  large  be  appointed,  and  instructed  to 
report  an  amendment  to  the  By-Laws,  clearly  defining  the  powers  of 
the  Board  of  Managers." 

The  reading  of  the  By-Laws  on  the  subject  was  called  for. 

Messrs.  Close,  Grimshaw,  Tatham,  Purves,  and  Gray  debated  the 
question  as  to  the  legality  of  offering  amendments  to  the  By-Laws  at 
a  special  meeting. 

Mr.  Wiegand  remarked  his  position  as  a  signer  of  the  call,  and 
defined  it  to  be  a  meeting  to  propose  and  discuss  alterations  and  not 
to  offer  or  effect  them.  Amongst  other  needed  modifications,  he 
mentioned  as  most  important,  a  clear  definition  of  the  limits  of  the 
Board,  and  the  reorganization  of  the  Committee  on  Science  and  the 
Arts,  by  undoing  the  establishment  of  sections. 

Mr.  Robert  Briggs  followed  by  reading  from  the  By-Laws  the  sec- 
tion defining  the  powers  of  the  Board,  and  presented  his  views 
thereon.  He  wished  to  inquire  what  grounds  there  were  for  desiring 
a  disturbance  of  the  existing  relations. 

Mr.  Grimshaw,  in  reply,  specified  a  number  of  cases  in  which,  in 
his  opinion,  the  Board  had  transcended  the  powers  vested  in  it  by  the 
By-Laws,  and  stated  that  the  object  of  his  resolution  was  to  define 
clearly,  by  negative  limitations,  the  powers  of  that  body ;  but  added 
that  since  there  seemed  to  be  some  doubt  as  to  whether  he  was 
strictly  in  order,  he  would  withdraw  the  resolution. 

Some  further  discussion  followed  without  definite  action,  upon 
which  the  meeting  was  adjourned. 

William  H.  Wahl,  Secretary, 
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REMARKS  ON  THE  EXPERIMENTS  MADE  WITH  A  SMALL  NON-CONDENSING 

STEAM-ENGINE  BY  B.  DONKIN  &  CO.,  LONDON,  SHOWING  THE  RELATIVE 

ECONOMIC  EFFICIENCY  OF  STEAM-JACKETING,  AND  OF  USING 

STEAM  WITH  DIFFERENT  MEASURES  OF  EXPANSION. 


By  Chief  Engineer  B.  F.  Isherwood,  U.  S.  Navy. 


The  issue  of  Engineering  dated  October  16th,  1874,  contains  an 
article  headed  "Steam  Jackets,"  in  which  are  given  the  particulars 
of  the  experiments  made  at  the  factory  of  B.  Donkin  &  Co.,  London, 
on  a  small  non-condensing  beam  engine,  with  a  view  to  ascertain  the 
economy  derived  from  the  addition  of  a  steam-jacket  to  the  cylinder. 
The  data  appear  to  me  sufficient  for  the  determination  of  several 
important  facts  besides  the  economy  of  the  steam-jacket ;  and,  in  the 
belief  that  conclusions  wider,  diflFerent,  and  more  numerous  than  those 
drawn  by  the  writer  of  the  article  are  properly  deducible  from  the 
observed  quantities,  I  have  made  the  necessary  calculations  from  them 
in  my  own  way,  as  given  in  the  accompanying  Table,  and  have  inferred 
from  them  what  seems  to  me  the  correct  and  complete  results.  Before 
proceeding  to  a  discussion  of  these  results,  I  will  quote  from  the  article 
referred  to  the  following  description  of  the  experimental  engine,  and 
of  the  manner  of  experimenting  : 

"  The  engine  on  which  the  experiment  was  carried  out  was  one  of 
*'  a  pair  of  compound  beam  engines  built  in  1838,  and  which,  at  one 
"  time,  drove  Messrs.  Donkin's  works.  Having  long  been  supplanted 
*'  in  this  work  by  a  larger  engine,  Messrs.  Donkin  have  retained  the 
*•  old  engines  in  their  place  for  experimental  purposes,  and  have  modi- 
*'  fied  them  in  various  ways,  to  enable  trials  to  be  carried  out  under 
*'  diflferent  conditions.  In  the  case  of  the  experiments  of  which  we 
*'  are  about  to  speak,  the  low-pressure  piston,  etc.,  of  one  engine  was 
*'  disconnected  and  the  high-pressure  cylinder  was  fitted  with  suitable 
*'  double  slide  valves,  so  that  the  engine  could  be  driven  as  an  ordi- 
*' nary  non-condensing  engine,  at  diflferent  degrees  of  expansion.  The 
"  cylinder  is  1^  inches  in  diameter,  and  2  feet  2^  inches  stroke, 
Vol.  LXIX.— Third  Series.— No.  1.— January,  1875.  3 
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"  and  is  steam-jacketed,  the  cylinder  being  let  into  the  jacket,  and 
•'  the  joint  made  with  iron  cement.  The  steam  casing  was  proved  to 
"  be  perfectly  steam-tight,  and  the  cylinder  and  piston  were  in  good 
"  order  and  free  from  leakage  when  the  experiments  were  made. 
"  The  steam  passages  are  cast  on  the  cylinder,  and  the  slide  is  near 
"  the  top,  so  that  the  passage  leading  to  the  bottom  of  the  cylinder  is 
"  very  long.  Thus  the  capacity  of  the  top  passage  is  60  cubic  inches, 
"  and  the  clearance  space  above  the  piston  21  cubic  inches,  making  a 
"  total  clearance  at  the  top  of  81  cubic  inches ;  while  at  the  bottom 
"  the  capacity  of  the  passage  is  155  cubic  inches,  and  the  clearance 
"below  the  piston  34  cubic  inches,  making  a  total  clearance  space  at 
"  the  bottom  of  189  cubic  inches.  The  top  clearance  spaces  thus 
"  amount  to  7*4  and  the  bottom  clearance  spaces  to  no  less  than  17*2 
"  per  centum  of  the  volume  swept  through  by  the  piston,  the  mean 
"  clearance  being  thus  12-3  per  centum. 

"  As  we  have  said,  the  engine  on  which  the  experiments  were  made 
"  is  one  of  a  pair,  and  advantage  was  taken  of  this  fact  to  obtain  a 
"  constant  resistance  in  the  following  way  :  The  slide  valve  of  the  fel- 
"  low  engine  was  taken  out  and  that  engine  was  made  to  draw  air 
"  into  its  cylinders  and  force  it  out  again  through  two  pipes,  the  ends 
"  of  which  were  furnished  with  cocks,  so  that  the  resistance  to  both 
"  in-going  and  out-coming  air  could  be  regulated  at  pleasure.  Self- 
"  acting  lubricators  were  fitted  to  both  cylinders,  and  in  this  way  it 
"  was  rendered  possible  to  obtain  a  constant  resistance ;  in  fact  the 
"  power  thus  absorbed  was  so  nearly  absolutely  constant  that  a  dif- 
"  ference  of  but  3  per  centum  existed  between  the  maximum  and 
"  minimum  indicator  cards  in  any  given  experiment.  The  revolutions 
"  made  by  the  engine  were  registered  by  a  counter,  and  the  indicator 
"  diagrams  were  taken  by  a  pair  of  Richards'  indicators  driven  from 
"  the  parallel  motion  direct,  and  the  springs  of  which  had  been  care- 
"  fully  tested  before  being  used. 

"  The  amount  of  water  used  in  each  experiment  was  carefully  ascer- 
"  tained  by  weighing  it,  special  provisions  being  made  to  secure  accu- 
"  racy.  As  the  steam-jacket  extended  round  the  large  cylinder  (the 
"  piston  ^f  which  was,  as  we  have  said,  disconnected),  and  as  there 
*'  was  a  considerable  length  of  2  inches  steam  pipe  between  the  engine 
"  and  the  boiler,  it  was  desirable  to  ascertain  what  quantity  of  steam 
"  was  condensed  in  the  pipe  and  jacket  when  the  engine  was  still. 
*'  This  was  accordingly  tried  for  five  hours  at  a  time  on  two  occasions, 


Isherwood — The  Relative  Efficiency  of  Steam-Jacketing.       19 

"  and  the  quantity  condensed  was  found  to  be  30  pounds  per  hour  in 
"each  case." 

The  area  of  the  piston-rod  of  the  steam-cylinder  is  not  given,  but  I 
have  assumed  it  at  the  usual  proportion,  and  having  deducted  it,  find 
the  net  area  of  the  steam-piston  to  be  41-6  square  inches.  The  stroke 
of  that  piston  being  2*1771  feet,  its  space  displacement  per  double- 
stroke  or  per  revolution  of  the  crank,  is  1*25787  cubic  feet,  to  which 
adding  the  spaces  at  the  top  and  bottom  of  the  cylinder  in  clearances 
and  steam  passages,  namely,  0.17625  cubic  foot,  we  have  for  the  bulk 
of  steam  exhausted  from  the  cylinder  per  double-stroke  of  piston, 
1*41412  cubic  feet.  The  calculations  in  the  following  Table  have 
been  made  for  the  above  quantities. 

The  principal  objection  to  these  experiments  as  regards  accuracy,  is 
the  shortness  of  their  duration  ;  the  time  in  two  of  them  being  only  two 
hours  and  45  minutes,  in  two  others,  three  hours;  and  in  the  remaining 
two,  four  hours  and  30  minutes.  It  is  very  difficult  to  leave  the  water- 
level  in  a  boiler  at  the  end  of  an  experiment  just  where  it  was  at  the 
beginning,  and  with  the  water  at  the  same  temperature  and  having 
the  same  pressure  upon  it ;  yet  the  accuracy  of  the  results  depends  on 
such  equality,  for  the  quantity  of  water  pumped  into  the  boiler  is  the 
measure  of  the  cost  of  the  various  effects  produced,  and  if  the  area  of 
the  water-surface  in  the  boiler  be  proportionally  large,  much  error 
may  occur  from  this  source,  and,  being  absolute,  will  be  relatively  so 
much  the  greater  as  the  duration  of  the  experiment  is  so  much  the 
shorter. 

The  number  of  indicator-diagrams  taken  in  the  different  experi- 
ments, and  from  which  the  steam  pressures  in  the  cylinder  are  ascer- 
tained, was  38  in  each  of  the  experiments  in  columns  A  and  B  of  the 
following  Table,  22  in  each  of  the  experiments  in  columns  C  and  D, 
26  in  the  experiment  in  column  E,  and  24  in  the  experiment  in  column 
F.  On  their  correctness  depends  the  correctness  of  the  powers  com- 
puted from  them.  As  regards  these  diagrams,  data  is  wanting  in 
three  important  particulars,  namely,  the  back  pressure  against  the 
piston,  the  pressure  required  to  work  the  engine,  per  se,  or  unloaded, 
and  the  height  of  the  barometer.  I  have  supplied,  in  all  three  cases, 
the  omission  from  my  own  experience  with  similar  engines,  assuming 
the  back  pressure  to  be  1*3  pounds  per  square  inch  of  piston  above  the 
atmosphere  or  16  pounds  per  square  inch  above  zero ;  the  pressure 
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required  to  work  the  unloaded  engine  or  to  overcome  its  friction,  per 
se,  2  pounds  per  square  inch  of  piston  ;  and  the  height  of  the  barome- 
ter at  29-92  inches  of  mercury. 

Explanation  of  the  Following  Table  Containing  the  Data  and 
Results  of  the  Experiments. 

The  data  and  results  of  the  experiments  will  be  found  in  the  follow- 
ing table,  in  columns  lettered  from  A  to  F,  both  inclusive.  The 
quantities,  for  facility  of  reference,  have  been  grouped  and  the  lines 
containing  them  numbered. 

Line  1,  gives  the  duration  of  the  experiments  in  hours  and  minutes. 

Engine. — Line  2,  contains  the  steam-pressure  in  the  boiler.  This 
pressure  was  constant  in  all  the  experiments  at  45  pounds  per  square 
inch  above  the  atmosphere. 

Line  3,  contains  the  mean  number  of  double  strokes  of  piston,  or 
revolutions  of  crank,  made  per  minute  during  the  experiment,  as  given 
by  a  self  registering  counter. 

Line  4,  contains  the  number  of  pounds  of  feed- water  pumped  into 
the  boiler  per  hour. 

Line  5,  contains  the  number  of  pounds  of  steam  condensed  per  hour 
in  the  steam-pipe  and  steam  jacket  by  external  radiation  alone ;  the 
temperature  of  the  steam  being  that  (292|^  degrees  Fahrenheit)  normal 
to  its  boiler  pressure  of  45  pounds  per  square  inch  above  the  atmos- 
phere, or  59'7  pounds  per  square  inch  above  zero  ;  and  the  tempera- 
ture of  the  air  surrounding  the  steam-pipe  and  steam-jacket  being  that 
given  on  line  9. 

Line  6,  contains  the  number  of  pounds  of  water  of  condensation 
drawn  from  the  steam-jacket  of  the  cylinder  per  hour,  and  is  inclusive 
of  the  quantity  on  line  5  in  the  experiments  (columns  A,  C  and  E), 
in  which  steam  was  used  in  the  jacket. 

Line  7,  gives  the  per  centum  which  the  quantity  on  line  6  is  of  the 
quantity  on  line  4. 

Lines  8  and  9,  contain  the  mean  temperatures  in  degrees  Fahrenheit 
of  the  external  atmosphere  and  of  the  engine-room  during  the  ex- 
periments.. 

Steam-Pressures  in  Cylinder  per  Indicator. — The  quantities 
on  lines  10  to  15,  both  inclusive,  are  the  means  of  the  indicator-dia- 
grams with  the  exception  of  the  quantity  on  line  12  for  which  the 
back-pressure  against  the  piston  was  assumed  at  1*3  pounds  per  square 
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inch  above  the  atmosphere,  and  the  atmospheric  pressure  was  assumed 
at  14-7  pounds  per  square  inch  above  zero,  making  a  total  of  16 
pounds  per  square  inch  of  piston  above  zero.     The  quantity  on  line 

14  is  the  sum  of  those  on  lines  12  and  13,  and  the  quantity  on  line 

15  is  the  remainder  of  that  on  line  13  after  deducting  2  pounds  per 
square  inch  of  piston  for  the  pressure  required  to  work  the  unloaded 
engine.  The  quantities  on  lines  10  and  11  are  the  pressures  givea 
in  the  original  data  in  pounds  per  square  inch  of  piston  above  the  at- 
mosphere, plus  the  assumed  atmospheric  pressure  of  14-7  pounds  per 
square  inch. 

Power — Absolute. — Line  16,  contains  the  gross  effective  indicated 
horse-powers  developed  by  the  engine,  that  is  to  say,  the  power  corres- 
ponding to  the  area  of  the  indicator  diagram.  It  is  computed  from 
the  speed  of  piston  on  line  3  and  the  pressure  on  line  13  ;  and  repre- 
sents the  work  done  by  the  steam  in  overcoming  the  external  load  and 
its  friction,  and  the  friction  of  the  engine,  perse;  but  is  exclusive  of 
the  work  done  in  overcoming  the  back-pressure. 

Line  17,  contains  the  total  horse-powers  developed  by  the  engine 
computed  from  the  speed  of  piston  on  line  3  and  the  pressure  on  line 
14.  This  power  represents  the  whole  work  done  by  the  steam,  both 
in  overcoming  the  back-pressure,  the  frictions  of  the  external  load  and 
of  the  engine  perse,  and  in  moving  the  external  load. 

Line  18,  contains  the  net  horse-powers  developed  by  the  engine, 
calculated  from  the  speed  of  piston  on  line  3,  and  the  pressure  on 
line  15.  This  power  represents  the  external  work  done  by  the  steam, 
and  in  overcoming  the  friction  of  that  work  ;  but  is  exclusive  of  the 
work  done  in  overcoming  the  back-pressure  and  the  friction  of  the 
engine,  perse. 

Power — Economic. — Lines  10,  20  and  21,  contain  respectively  the 
cost  of  the  gross-effective,  total,  and  net  horse-power  in  pounds  of 
feed-water  (or  pounds  of  steam)  consumed  per  hour.  These  quanti- 
ties are  the  quotients  of  the  division  of  the  quantity  on  line  4  by  those 
on  lines  16,  17  and  18. 

Condensation. — Line  22,  contains  the  number  of  pounds  of  steam 
discharged  per  hour  into  the  atmosphere  from  the  cylinder,  calculated 
from  the  pressure  of  the  steam  at  the  end  of  the  stroke  of  the  piston, 
line  11.  This  is  not  necessarily  the  whole  quantity  of  steam  dis- 
charged into  the  atmosphere  from  the  cylinder ;  for  should  there  be 
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any  water  of  condensation  in  the  cylinder  when  the  exhaust  port  is 
opened  at  the  end  of  the  stroke  of  the  piston,  it  will  be  vaporized  and 
pass  into  the  atmosphere  during  the  exhaust  stroke  under  the  lessened 
pressure  and  by  its  contained  heat  and  the  heat  in  the  metal  of  the 
cylinder. 

Line  23,  contains  the  number  of  pounds  of  steam  condensed  per 
hour  in  the  boiler  and  cylinder  to  furnish  the  heat  transmuted  into 
the  total  power  developed  by  the  engine.  It  is  calculated  for  the 
thermal  equivalent  of  one  pound  of  water  at  32  degrees  Fahrenheit 
raised  one  degree  Fahrenheit  in  temperature  for  every  772  foot-pounds 
of  work  done  by  the  engine. 

Line  24,  contains  the  sum  of  the  quantities  on  lines  22  and  23,  and 
it  is  all  of  the  steam  evaporated  in  the  boiler  (line  4)  which  can  be 
accounted  for  by  means  of  the  indicator.  Of  course,  none  of  the  steam 
condensed  by  external  radiation  from  the  steam-pipe  and  cylinder  sur- 
faces, or  within  the  cylinder  by  any  cause  other  than  the  production 
of  the  power,  is,  or  can  be,  included.  The  quantity  on  line  24  will 
always  be  less  than  that  on  line  4,  unless  superheated  steam  raised  to 
a  sufficiently  high  temperature  to  prevent  condensation,  be  employed. 

Line  25,  contains  the  per  centum  which  the  difference  of  the  quan- 
tities on  lines  4  and  24  is  of  the  quantity  on  line  4,  and  shows  the 
per  centum  of  the  weight  of  steam  evaporated  in  the  boiler  which  is 
condensed  by  external  radiation  from  the  steam-pipe  and  cylinder 
surfaces,  and  within  the  cylinder  by  any  cause  other  than  the  produc- 
tion of  the  power. 

The  sum  of  the  quantities  on  lines  24  and  6  being  subtracted  from 
the  quantity  on  line  4,  the  remainder,  expressed  in  per  centum  of  the 
quantity  on  line  4,  is  given  on  line  26.  The  quantity  on  line  26, 
therefore,  is  only  for  experiments  A,  C  and  E,  in  which  steam  was 
used  in  the  jacket,  and  shows,  in  per  centum  of  the  weight  of  steam 
evaporated  in  the  boiler,  the  weight  of  steam  condensed  within  the 
cylinder  by  causes  other  than  the  production  of  the  power. 

The  sum  of  the  quantities  on  lines  24  and  5  being  subtracted  from 
the  quantity  on  line  4,  the  remainder,  expressed  in  per  centum  of  the 
quantity  ^on  line  4,  is  given  on  line  27.  The  quantity  on  line  27, 
therefore,  is  only  for  experiments  B,  D  and  F,  in  which  steam  was 
not  used  in  the  jacket,  and  shows,  in  per  centum  of  the  weight  of  steam 
evaporated  in  the  boiler,  the  weight  of  steam  condensed  within  the 
cylinder  by  causes  other  than  the  production  of  the  power. 
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Discussion  of  the  Results. 

The  experiments  determine  for  the  experimental  conditions  : 

1st,  The  relative  economic  efficiency  under  various  initial,  mean 
total,  and  back-pressures  in  the  cylinder,  of  the  two  measures  of  ex- 
pansion used,  namely,  those  due  to  cutting  off  the  steam  at  f  and  at 
I  of  the  stroke  of  the  piston  from  the  commencement^  and  they  de- 
termine it  for  the  two  cases  of  with  and  without  steam  in  the  jacket. 

2d.  The  relative  economic  efficiency  of  the  steam-jacket  for  varioua 
initial,  mean  total,  and  back-pressures,  in  the  cylinder ;  and  for  the 
two  measures  of  expansion  with  which  the  steam  is  used. 

3d.  The  quantity  of  steam  condensed  in  the  jacket  to  furnish  the 
heat  imparted  to  the  cylinder,  and  acting  for  the  prevention  of  the 
condensation  of  steam  in  the  cylinder.  This  quantity  of  steam  thu& 
condensed  in  the  jacket  is  exclusive  of  the  quantity  therein  condensed 
by  external  radiation. 

4th.  The  quantity  of  steam  condensed  in  the  cylinder  by  causes 
other  than  those  due  to  external  radiation  and  to  the  production  of  the 
power. 

Of  the  Relative  Economic  Efficiency  of  the  Two  Measures 
OF  Expansion  due  to  Cutting  off  the  Steam  at  three- 
eighths    AND    AT    two-thirds    OF    THE    STROKE    OF   THE    PiSTON. 

The  relative  economic  efficiency  obtained  from  cutting  off  the  steam 
at  f  and  at  f  of  the  stroke  of  the  piston  from  the  commencement^ 
varies  greatly  according  to  the  conditions  of  the  cylinder  pressures. 
For  a  correct  engineering  comparison,  the  cost  in  pounds  weight  of 
steam  consumed  per  hour  to  produce  the  total  horse-power  developed 
by  the  engine  should  be  employed ;  because  that  power  includes  all 
the  resistances  of  what  kind  soever  overcome  by  the  steam  admitted 
to  the  cylinder.  This  comparison  by  total  horse-power  supposes 
either  no  back-pressure  against  the  piston,  or  that  the  back-pressure 
with  the  two  measures  of  expansion  employed  is  the  same  per  centum 
of  the  total  pressure,  which  corresponds  to  the  case  of  equal  net 
powers  developed  in  the  same  cylinder  with  equal  speed  of  piston  but 
with  unequal  initial  pressure,  the  initial  pressure  being  carried  as 
much  higher  with  the  shorter  cut-off  as  is  necessary  to  make  the  net 
pressure  on  the  piston  equal. 

Taking  then  the  case  of  column  A  in  the  Table,  in  which  the  steam  was 
cut  off  at  f  of  the  stroke  of  the  piston,  with  the  boiler  steam  p-reaent 
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in  the  jacket,  vre  have  the  cost  of  the  total  horse-power  34*083  pounds 
of  feed-water  per  hour  (line  20  of  the  Table) ;  while  in  the  cases  of 
columns  C  and  E,  in  which  the  steam  was  cut  off  at  §  of  the  stroke  of 
•the  piston,  with  the  boiler  steam  also  present  in  the  jacket,  we  have 
the  cost  of  the  total  horse-power  39*008  and  39*428  pounds  of  feed- 
water  per  hour,  the  mean  of  which  is  39*218  pounds  ;  consequently, 
the  economic  eflSciency  when  cutting  ofif  at  f  of  the  stroke  of  the  pis- 

39*218  —  34*083x100    ^^^^  ,         , 

ton  was oQ.g|"Q ^13*09  per  centum  greater  than  when 

cutting  off  at  f  of  the  stroke  of  the  piston,  assuming  the  cost  for  the 
latter  as  unity. 

If,  however,  the  comparison  be  made  for  the  cost  of  the  net  horse- 
power instead  of  for  the  total  horse-power,  in  pounds  of  feed-water 
consumed  per  hour,  a  very  different  result  will  be  obtained.  Now, 
the  net  horse-power  is  that  portion  of  the  total  horse-power  developed 
by  an  engine  which  is  commercially  valuable,  that  is  to  say,  the  por- 
tion which  moves  the  external  load  ;  and  the  results  of  the  comparison 
with  it,  determines  the  practical  value  of  the  different  points  of  cut-off. 
Taking,  then,  the  case  of  column  A,  as  before,  cutting  off  at  f  of  the 
stroke  of  the  piston  with  the  boiler  steam  in  the  jacket,  we  have 
60*632  pounds  of  feed-water  consumed  per  hour  per  net  horse-power 
(line  21) ;  while  in  the  case  of  column  C,  with  the  boiler  steam  in  the 
jacket,  but  cutting  off  at  -|  of  the  stroke  of  the  piston,  we  have  only 
55*890  pounds  of  feed-water  consumed  per  hour  for  the  cost  of  the 
net  horse-power,  so  that  the  previous  economy  in  favor  of  the  f  cut-off 

60*632—55*890x100  „  ^ 
18  actually  reversed,  becoming  ^ rr.oQ/^ *==  8*48  per  cen- 
tum in  favor  of  the  f  cut-off,  assuming  the  cost  with  the  latter  at 
unity  as  before.  Nevertheless,  if,  instead  of  making  this  comparison 
,  for  the  case  of  column  C,  we  make  it  for  the  case  of  column  E,  in 
which  the  same  boiler-steam  is  used  in  the  jacket,  and  the  same  point 
of  cutting  off  is  employed  in  the  cylinder,  but  in  which  the  relation  of 
the  back-pressure  to  the  total  pressure  is  very  different,  we  obtain  a. 
very  different  result,  the  cost  of  the  net  horse-power  rising  to  81*527 
pounds  of  feed-water  per  hour,  and  the  economic  eflSciency  when  cutting 

«.      ,    .  ,          ,      .  ,      .         ,                81*527—60*632x100 
off  at  f  of  the  stroke  of  the  piston,  becoming ^,  ct.^ = 

25*63  per  centum  greater  than  when  cutting  off  at  §  of  the  stroke  of 
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the  piston.  In  the  case  of  column  A,  the  back-pressure  (line  12) 
against  the  piston  was  40-03  per  centum  of  the  total  pressure  (line  14), 
-while  in  the  case  of  column  C  it  was  31-18  per  centum,  and  in  the 
case  of  column  E  47-21  per  centum.  A  slight  consideration  will 
show  how  completely  this  relation  of  the  back-pressure  to  the  sum  of 
the  friction  and  total  pressures,  and  not  the  Mariotte  law,  governs 
the  economy  in  the  practical  steam-engine  of  different  measures  of 
expansion.  The  shorter  the  cut-off,  with  a  given  initial  pressure,  the 
smaller  is  the  mean  total  pressure ;  and  the  longer  the  cut-off,  the 
larger  is  the  mean  total  pressure ;  and  we  can  easily  suppose  the  cut- 
off so  short  that  the  mean  total  pressure  will  be  but  a  little  above  the 
sum  of  the  friction  and  back-pressures,  most  of  the  steam  used  being 
in  this  case  expended  in  overcoming  resistances  of  no  commercial 
value;  while  with  a  long  cut-off  with  its  large  mean  total  pressure  so 
much  less  a  portion  of  the  steam  will  be  expended  in  overcoming  the 
non-commercial  resistances,  that  the  less  measure  of  expansion  will 
give  actually  greater  economic  results  than  the  large  measure  of 
expansion,  as  is  practically  illustrated  in  these  experiments,  the  sum 
of  the  back-pressure  and  friction-pressure  of  the  engine,  per  se,  being 
constant.  Thus  it  is  seen  that,  the  practical  economy  for  the  net  or 
commercial  horse-power,  due  to  different  measures  of  expansion,  de- 
pends mainly  on  the  relation  between  the  mean  total  pressure  upon 
the  piston,  and  the  sum  of  the  back-pressure  and  friction  of  the  engine, 
per  se  :  and  that  this  economy  is  not  at  all  inferable  from  the  Mariotte 
law,  but  is  a  practical  result  to  be  obtained  from  practice  alone,  and 
will  vary  with  every  variation  in  the  practical  conditions. 

In  the  case  of  our  experimental  engine  the  waste  spaces  in  the 
clearances  and  steam-passages  at  the  ends  of  the  cylinder  were  about 
double  of  the  average  in  practice,  and  this  excess  operated  against 
the  shorter  cut-off.  With  each  reduction  of  these  spaces,  the  shorter 
cut-off  becomes  relatively  more  economical,  but  in  a  subordinate 
degree,  the  great  cause  of  the  discrepancy  being  the  different  propor- 
tions of  the  mean  total  pressure  to  the  sum  of  the  friction  and  back- 
pressures. It  must  be  remarked  here,  too,  that  under  the  experi- 
mental condition  of  the  same  boiler-pressure  in  the  jacket,  that 
condition  operates  more  favorably  for  the  shorter  than  for  the  longer 
cut-off,  by  the  greater  difference  between  the  temperature  in  the 
jacket  and  in  the  cylinder,  due  to  the  less  mean  total  pressure  with 
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the  shorter  cut-off:  but,  under  the  actual  experimental  conditions,  the 
difference  in  the  temperature  of  the  mean  total  pressure  in  the  differ- 
ent experiments  was  not  sufficiently  great  to  produce  any  practical 
difference  in  the  economic  result. 

The  preceding  discussion  was  for  the  condition  of  steam  in  the 
jacket,  but  experiments  B,  D  and  F,  allow  the  comparison  of  the 
relative  economic  efficiency  of  using  steam  with  the  measures  of  ex- 
pansion due  to  cutting  off  at  f  and  at  f  of  the  stroke  of  the  piston  to 
be  ascertained  for  the  condition  of  no  steam  in  the  jacket.  Here, 
too,  the  comparison  should  be  made  for  the  cases  of  equal  mean  total 
pressure  and  of  different  mean  total  pressure.  For  the  former  case, 
we  can  compare  the  cost  of  the  total  horse-power  in  pounds  of  feed- 
water  consumed  per  hour  in  column  B,  with  that  in  column  F,  the 
mean  total  pressure  (line  14)  being  almost  exactly  the  same  in  both. 

In  column  B,  cutting  off  at  f  of  the  stroke  of  the  piston,  the  total 

horse-power    cost    40-076    pounds    of    feed-water    per    hour,    while 

in    column    F  it    cost    46-016    pounds,    showing    an    economy    of 

46-016  — 40-076  X  100 

Ak\i\\{\ ^12-91  per  centum  for  the  shorter  cut-off,  or 

almost  exactly  the  same  as  when  steam  was  used  in  the  jacket.     But 

in  the  case  of  column  D    in  which  the  mean  total  pressure  was  much 

higher   than   in  column   B,  the  total   horse-power  cost  only  43-039 

pounds  of  feed-water  per  hour,  making  the  economy  when  cutting  off 

1       .  ,                   ,    43-039—40-076x100      ^  „„ 
at  f  of  the  stroke  of  the  piston  only ...   ...^ =  6-88 per 

centum  greater  than  when  cutting  off  at  |  of  the  stroke  of  the  piston. 
Thus,  it  appears  that  the  relative  economic  efficiency  of  different 
measures  of  expansion  in  the  case  when  steam  is  not  used  in  the 
jacket,  depends,  even  for  the  total  horse-power,  on  the  absolute  mean 
total  pressure  in  the  cylinder,  the  greater  this  pressure  the  more  the 
economy ;  another  very  important  practical  modification  for  the 
abstract  Mariotte  law. 

As,  under  the  condition  of  steam  in  the  jacket,  so,  under  the  con- 
dition of  no  steam  in  the  jacket,  the  relative  economic  efficiency  of  the 
two  measures  of  expansion  is  easily  reversed  by  difference  in  the  ratio 
of  the  mean  total  pressure  to  the  sum  of  the  friction  and  back-pres- 
Bures;  for  example:  comparing,  for  columns  B  and  D,  the  cost  of 
the  net  horse-power  in  pounds  of  feed-water  consumed  per  hour,  we 
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have  for  column  B,  cutting  off  at  |  of  the  stroke  of  the  piston,  78-128 

pounds ;  and  for  column  D,  cutting  off  at  f  of  the  stroke  of  the  pis- 

.       ^rnno  ,  78-128  — 65-998  X  100 

ton,  65-998  pounds ;  or 65^^998 =  15-52   per   centum 

greater  economy  for  the  long  cut-off  instead  of  12-91  per  centum 

against  it,  as  in  the  comparison  for  the  total  horse-power ;    while  for 

column  F,  cutting  off  also  at  f  of  the  stroke  of  the  piston,  the  cost  of 

the  net  horse-power  rises  to  91-133  pounds  of  feed-water  per  hour, 

,      .                         r      ^     1                  «,      91-133—78-128x100 
snowing  an  economy  tor  the  shorter  cut-off  of ^.  ^  , ,  = 

14*27  per  centum.  Thus,  the  economic  result,  when  no  steam  is  used 
in  the  jacket,  depends  not  only  on  the  measure  of  expansion,  and  on 
the  absolute  mean  total  pressure,  but  also  on  the  ratio  of  the  mean 
total  pressure  to  the  sum  of  the  friction  and  back-pressures. 

The  results  of  these  experiments  fully  confirm  the  results  of  those 
made  by  the  writer  on  the  economy  of  using  steam  with  different 
measures  of  expansion,  vindicating  the  accuracy  of  his  perceptions 
and  the  truth  of  his  deductions. 

(To  be  continued.) 


ON  THE  METHODS  OF  TESTING  STEAM  ENGINES; 

With  a  Description  of  the  Trials  of  the  Circulating  Pumps  on  the   U.  S.  S.  "  Tennessee." 


By  Geo.  P.  Hunt,  P.  A.  Eng.  U.  S.  Navy, 
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[Continued  from  Vol.  Ixviii,  page  896.] 

Independent  circulating  pumps  for  marine  engines  are  rapidly  gaining 
favor ;  being  independent  of  the  main  engines  they  can  be  run  at 
any  desirable  speed,  and  as  they  are  generally  in  duplicate,  one  can 
be  repaired  if  necessary,  while  the  other  is  doing  duty. 

In  addition,  they  furnish  a  great  safeguard  against  foundering  at 
sea  in  case  of  accident  to  the  main  engines.  If  the  pumps  were 
attached  to  the  main  engines,  the  same  weight  of  water  could  be  de- 
livered overboard  if  the  engines  could  be  run  at  the  proper  speed,  but 
it  must  be  remembered  that  it  takes  the  whole  power  of  the  boilers  to 
run  the  engines  at  the  ordinary  speed,  and  that  their  speed  cannot  be 
increased  in  an  emergency,  but  oftentimes  by  reducing  the  speed  of 
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the  main  engines,  the  independent  circulating  pumps  can  be  kept  at 
their  maximum;  hence  their  great  advantage. 

It  is  not  often  considered  the  immense  weight  of  water  that  the 
circulating  pumps  are  continually  passing  through  the  condenser  and 
overboard.  By  reference  to  the  experiments  it  will  be  seen  that  at  a 
speed  of  97  strokes  per  minute  they  were  together  capable  of  deliver- 
ing nearly  1000  tons  per  hour.  In  case  of  an  emergency  they  could 
be  run  at  150  strokes  per  minute,  and  delivering  1500  tons  per  hour. 
This  water,  which  is  ordinarily  drawn  from  the  sea,  may  be,  by  suit- 
able arrangement  of  pipes,  drawn  from  the  bilge  and  pumped  over- 
board. 

The  displacement  of  the  "  Tennessee"  is  about  300  tons  per  foot 
at  load  draft.  Thus,  the  1500  tons  of  water,  if  allowed  to  accumulate 
during  the  hour,  would  be  sufficient  to  cause  the  ship  to  settle  down 
in  the  water  5  feet,  supposing  she  should  settle  on  an  even  keel,  but, 
if  as  is  usually  the  case  when  vessels  are  foundering,  she  should  com- 
mence to  settle  by  the  head  or  stern,  probably  much  less  than  1500 
tons  would  be  sufficient  to  sink  her. 

The  following  are  the  dimensions  of  the  Circulating  Pumps  : 


Diameter  of  steam  cylinder, 

18  in. 

"            water         "      . 

18  in. 

"            piston  rod, 

2^  in. 

Length  and  breadth  of  steam  port,  . 

5  in.  by  1^  in. 

"                 "             exhaust  port, 

5  in.  by  2J  in. 

Stroke  of  piston  (maximum), 

.     19|  in. 

"             "       "actual,"  . 

.     18|  in. 

Width  of  opening  of  steam  valve,     . 

f  in. 

"                 "            exhaust  " 

f  in. 

Diameter  of  auxiliary  piston. 

5  in. 

Stroke                 u             u                 ,             ^ 

1  in. 

No.  and  diameter  of  receiving  valve, 

.      6-7  in. 

No.  and  diameter  of  delivery  valve. 

.      6-7  in. 

Total  area  of  valve  openings  (6  valves), 

171  sq.  in. 

Ratio  of  piston  area, 

.         § 

Diameter  of  receiving  and  discharge  nozzles, 

.     15    in. 

Distance  of  centre  of  pump  below  water  line, 

2  ft.  6  in. 

Greatest  length  of  pump,     . 

.       7  ft. 

"        width  of  pump. 

.       2  ft.  10  in. 

"        height  of  pump. 

.       5  ft. 
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Fig.  1  shows  a  section  and  elevation  of  the  pump. 


There  are  two  of  these  pumps  used  for  circulating  the  water  through 
the  condenser.  Each  pump  has  a  separate  suction  pipe,  drawing 
water  through  a  strainer  containing  2000  |-inch  holes,  in  the  bilge 
of  the  ship,  thence  to  a  Kingston  valve,  and  through  15  feet  of  15-in. 
copper  pipe,  to  pumps,  and  delivering  through  13  feet  of  15-inch 
copper  pipe  to  top  of  condenser.  Here  the  water  from  both  pumps 
combines  and  passes  four  times  through  nests  of  condenser  tubes, 
each  nest  containing  1978  tubes,  ^  inch  internal  diameter  and  7  feet 
3J  inches  long,  and  thence  through  two  copper  pipes,  each  15  inches 
diameter  and  25  feet  long,  to  outboard  delivery  valves,  24  inches 
below  the  surface  of  the  water  outside.  For  the  purpose  of  this  ex- 
periment a  15-inch  copper  pipe  was  bolted  to  each  outboard  delivery 
valve,  to  carry  the  water  up  to  a  tank,  where  it  could  be  measured. 
This  pipe  had  at  the  lower  end  a  right  angle  bend  of  a  central  radius 
equal  14  inches,  and  at  the  upper  end  a  return  bend  or  goose-neck  of 
the  same  radius. 

The  height  of  the  centre  of  the  goose-neck  above  the  surface  of  the 
water  was  11  feet.  An  additional  length  of  leather  pipe,  4  feet  long, 
was  fastened  to  the  goose-neck,  in  order  to  carry  the  stream  below  the 
surface  of  the  water  in  the  tank,  as  it  was  found  that  if  the  stream  fell 
through  the  air  into  the  tank,  so  much  air  would  be  carried  down  with 
it  as  to  render  it  impossible  to  know  how  high  the  surface  of  the 
water  in  the  tank  was.  When  the  stream  was  protected  the  surface 
was  clear  and  emooth.  It  was  proposed  to  measure  the  water  by 
allowing  it  to  flow  through  a  number  of  orifices  in  the  bottom  of  the 
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tank,  each  orifice  being  small  enough  to  allow  the  water  delivered  by 
it  to  be  measured  separately  at  any  instant  during  the  experiment; 
the  sum  of  all  the  deliveries,  or  the  average  of  a  sufficient  number  to 
determine  a  mean  multiplied  by  the  number  of  orifices,  being  the 
amount  of  water  discharged. 

Fig.  2  shows  a  section  through  the  condenser  and  side  of  the  ship; 
the  arrows  showing  the  course  of  the  water. 


There  was  a  separate  tank  for  each  outboard  delivery,  of  the  fol- 
lowing dimensions :  diameter,  48  inches ;  height,  72  inches ;  thick- 
ness, \  inch. 

A  hole,  24  inches  in  diameter,  was  cut  in  the  bottom,  and  a  com- 
position plate,  planed  1  inch  thick  and  28^inches  diameter,  was  bolted 
upon  the  under  side.  There  were  drilled  in  this  plate  55  holes,  each 
hole  being  1^  inches  diameter,  and  beveled  out  on  the  upper  side,  the 
depth  of  the  bevel  being  \  inch  and  the  [angle  30°  from  the  vertical 
side  of  the  hole.  The  average  distance  between  the  centre  of  these 
holes  was  3i^  inches. 

During  the  experiment  a  portion  of  the  holes^was  plugged  up  with 
soft  pine  plugs.     During  the  experiment  the  pump  worked  under  the 
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additional  load  due  to  the  11  feet  head  on  the  standing  pipe  and  the 
friction  of  the  sides  and  bends — more  than  would  be  required  when 
in  regular  use  at  sea. 

Fig.  3  shows  the  arrangement  of  the  tank  in  reference  to  the  water 
and  side  of  the  ship,  and  the  method  of  supporting  the  platform  and 
measuring  barrel. 


It  will  be  seen  that  the  two  circulating  pumps  act  entirely  as  meters 
of  the  best  construction,  for  they  are  sufficiently  far  below  the  surface 
of  the  water  outside  the  ship  to  be  filled  to  overflowing  at  every  stroke, 
and  the  entire  cylinder  full  of  water  must  be  forced  through  the  con- 
denser on  the  return  stroke. 

If  the  rate  of  these  pumps  as  meters  could  be  determined  at  various 
velocities,  the  volume  of  water  which  they  were  delivering  at  any  time, 
could  be  computed. 

The  following  is  a  description  of  the  apparatus  used,  and  the  results 
obtained  in  the  experiment  made  previously  to  the  trial  of  the  ship's 
engines,  which  has  not  yet  taken  place. 

It  is  expected  that  the  trial  will  take  place  so  soon  as  the  ship 
comes  out  of  the  dock,  where  she  is  now  receiving  new  decks  and 
general  repairs. 
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The  following  experiments  were  made  with  the  pumps : 

1st.  To  determine  the  volume  of  water  that  would  be  discharged 
through  the  plate  in  the  bottom  of  the  tank,  at  various  heads,  and 
with  various  numbers  of  the  orifices  plugged  up. 

2d.  To  determine  the  volume  of  water  thrown  bj  the  pump  at 
various  velocities,  and  the  power  required. 

To  determine  the  amount  of  water  discharged,  the  pump  was  run 
at  a  velocity  required  to  maintain  the  desired  head  in  the  tank,  and 
the  water  discharged  through  one  orifice  was  received  in  an  oil  barrel, 
through  a  3-inch  iron  pipe,  one  end  of  the  pipe  being  curved  up  on  a 
radius  of  12  inches  and  adjusted  under  an  orifice,  so  that  the  whole 
stream  would  fall  directly  into  it ;  the  other  end  being  curved  down 
to  discharge  into  the  barrel.  The  total  length  of  pipe  was  9  feet,  and 
it  was  so  supported  that  it  could  be  adjusted  under  any  orifice  and 
made  fast. 

The  spaces  between  the  streams  were  large  enough  to  allow  the  ob- 
server to  notice  that  the  whole  stream  was  falling  into  the  pipe,  even 
"when  under  the  central  orifice. 

The  barrel  to  receive  the  water,  the  contents  having  been  carefully 
weighed  and  measured,  was  hung  so  that  it  could  be  swung  under  the 
end  of  the  pipe  at  the  instant  desired,  and,  when  full,  dumped. 

The  time  occupied  in  filling,  and  the  mean  head  during  the  interval, 
were  noted,  and  the  experiment  repeated  a  number  of  times.  The 
position  of  the  pipe  was  then  changed  to  come  under  another  orifice, 
and  the  experiment  repeated,  and  so  on  until  the  mean  discharge  of 
all  the  orifices,  at  various  heads,  was  determined. 

The  temperature  of  the  sea  water  during  these  experiments  was  74°, 
and  the  saturation,  ^^  (July  8th,  9th,  10th,  11th). 

The  barrel  contained  6'357  cubic  feet. 

It  was  found  that  when  the  depth  of  water  over  the  plate  was  more 
than  3  feet,  that  there  was  no  perceptible  difference  on  the  discharge 
of  orifices  in  various  parts  of  the  plate ;  but  that  when  the  head  be- 
came less  than  3  feet,  the  discharge  varied  in  different  orifices,  and  at 
different  times  in  the  same  orifice,  under  the  same  head. 

This  was  true,  whether  all  the  55  holes  were  open,  or  whether  a 
portion  of  them  were  plugged.  There  could  not  be  detected  any  dif- 
ference in  the  flow,  with  a  head  of  more  than  3  feet,  from  a  difference 
in  the  arrangement  of  the  open  and  closed  holes. 
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The  folloAving  are  the  mean  results  of  49  experiments  with  a  head 
greater  than  three  feet : 


Head  of  water  above  plate, 

Cubic  feet  discharged  by  each 

in  inches. 

orifice  per  second. 

72-154 

•1059 

52-660 

-0900 

41-050 

•0796 

Fifty-four  experiments  on  less  heads  than  these  gave  results  vary- 
ing among  themselves  from  zero  to  twenty-five  per  cent.,  and  are 
therefore  rejected. 

The  amount  of  water  discharged  from  the  same  orifice  at  difi"erent 
heads  should  vary,  if  there  were  no  causes  of  disturbance,  as  the 
square  root  of  the  heads. 

The  following  comparison  of  the  amount  discharged  actually  and 
computed  for  the  last  two  cases,  by  a  comparison  of  the  square  root 
of  the  heads  with  the  amount  delivered  in  the  first  case,  shows  that 
the  discharge  does  vary  as  the  square  root  of  the  head,  as  the  diflFer- 
ences  are  within  the  errors  of  observation  : 

Head  in  inches.       Discharge  by  Experiment.  By  Comparison. 

72-154  -1059  

52-660  -0900  -09019 

41-050  -0796  -07964 

The  CO- efficient  of  contraction  being  the  ratio  of  volume  of  water 
actually  discharged  to  that  represented  by  the  area  of  the  orifice 
multiplied  by  the  theoretical  velocity,  is 

C  =-7776. 

The  following  table  shows  the  number  of  cubic  feet  which  will  be 
discharged  by  each  orifice  during  one  hour  at  various  heads,  computed 
from  experiments,  by  a  comparison  of  the  square  root  of  the  heads. 
If  no  opportunity  should  offer  during  the  trial  of  the  engines  to  test 
the  capacity  of  the  orifices,  it  will  only  be  necessary  to  note  the  head 
of  water  in  the  tank,  and  to  multiply  the  corresponding  discharge 
from  the- table  by  the  number  of  orifices  open,  in  order  to  obtain 
the  volume  of  water  discharged  per  hour  at  any  given  instant. 

The  mean  of  these  volumes  (not  the  volumes  corresponding  to  the 
mean  head)  will  give  the  mean  discharge  of  the  pump  for  any  number 
of  observations. 
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The  only  apparent  cause  of  error  will  be  a  change  in  the  density  of 
the  water,  either  from  more  or  less  salt,  or  from  a  change  of  tempera- 
ture ;  but  the  errors  from  these  causes  will  probably  be  inappreciable. 

Number  of  cubic  feet  which,  will  he  discharged  in  one  hour  from  a  sin- 
gle orifice  at  various  heads,  computed  from  experiment  hy  a  compari- 
son of  the  square  root  of  the  heads. 


Head  in  Inches. 

Discharge. 

Head  in  inches. 

Discharge. 

72     . 

.     380-8 

52     .     . 

.     323-7 

71     .     . 

.     378-2 

51     . 

•     320-6 

70    . 

.     375-5 

50     . 

.     317-4 

69     . 

.     372-8 

49     . 

.     314-2 

68     . 

.     370-1 

48     . 

.     311-0 

67     . 

.     367-4 

47     . 

.     307-8 

m    .    . 

.     364-6 

46     .     . 

.     304-5 

65     . 

.     361-9 

45     . 

.     .     301-1 

64     . 

.     359-1 

44     . 

.     297-7 

63     . 

.     356-2 

43     . 

.     294-3 

62     . 

.     353-5 

42     . 

.     290-9 

61     . 

.     350-6 

41     . 

.     287-4 

60     . 

.     .     347-7 

40     . 

.     284-0 

59     . 

.     344-8 

39     . 

.     .     280-3 

58     . 

.     .     341-8 

38     . 

.     .     276-7 

57     . 

.     338-8 

37     . 

.     273-1 

56     . 

.     335-9 

36     . 

.     2G9.3 

55     . 

.     .     333-0 

35     . 

.     265-6 

54     . 

.     .     329-9 

34     .- 

.     261-7 

53     . 

.     .     326-8 

33     . 

.     257-9 

52     . 

.     .     323-7 

32     . 

.     251-5 

At  the  conclusion  of  the  experiments  upon  the  tanks,  a  series  of 
experiments  were  made  upon  the  pumps,  to  determine  the  volume  of 
water  delivered  at  various  velocities,  and  the  power  required  to  work 
them. 

These  experiments  were  made  by  running  one  pump  at  a  velocity 
necessary  to  maintain  a  constant  head  in  the  tank  of  nearly  five  feet, 
the  engineer  changing  the  throttle  a  little,  in  response  to  signals, 
when  the  head  of  water  varied.  It  was  found  that  the  head  could  be 
maintained  within  two  inches  of  that  desired. 

All  the  experiments  were  made  with  the  same  head  of  water  in  the 
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tank,  more  or  less  of  the  holes  being  plugged,  in  order  to  change  the 
velocity  of  the  pump  in  the  different  experiments. 

In  some  of  the  experiments  the  pumps  were  run  one  hour,  but  it 
was  concluded  that  as  the  head  and  strokes  were  so  nearly  constant, 
one  half  hour  was  sufficient  for  the  latter  portion  of  them. 

The  number  of  strokes  was  counted  every  5  minutes  during  the 
hour  trials,  and  every  2J  minutes  during  the  half  hour  trials,  during 
one  minute,  by  a  sand  glass,  which  had  been  tested  and  found  to  be 
correct,  and  the  mean  head  (when  there  was  any  variation)  during  the 
minute  noted. 

Indicator  cards  were  taken  every  five  minutes  during  the  trial, 
from  both  the  steam  and  water  cylinder  of  the  forward  pump. 

There  were  no  indicator  attachments  on  the  after  pump. 

The  scales  of  the  indicator  springs  were  found  by  experiment. 

The  stroke  of  the  forward  pump  was  18f  inches. 

The  stroke  of  the  after  pump  could  not  be  measured. 

The  following  are  the  means  of  the  result : 


FIRST   EXPERIMENT. 


Which  Pump. 

Number  of  strokes,    . 
Head  of  water  in  tank. 
Number  of  holes  open, 
Cubic  feet  of  water  per  hour, 
Nominal  volume  of  pump. 
Per  cent,  of  do.  delivered. 
Actual  volume  of  pump, 
Per  cent,  of  do.  delivered 


SECOND    EXPERIMENT. 


Which  Pump. 

Number  of  strokes,    .  , 

Head  of  water  in  tank, 
Number  of  holes  open, 
Cubic  feet  of  water  per  hour. 
Nominal  volume  of  pump. 
Per  cent,  of  do.  delivered. 
Actual  volume  of  pump. 
Per  cent  of  do.  delivered, 


Forward. 

After. 

63-46 

64-5 

61-115" 

60-75" 

30 

30 

10,530 

10,572 

10,930 

11,110 

96-4 

95-2 

10,510 

100-2 

rT. 

Forward. 

After. 

79-643 

85-458 

59-8" 

61-041" 

40 

40 

13,884 

14,003 

13,715 

14,720 

101-2 

95-3 

13,190 

105. 
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THIRD  EXPERIMENT. 


"Which  Pump. 

Forward. 

After. 

Number  of  strokes,    . 

.     95-8 

99-2 

Head  of  water  in  tank, 

.     61-" 

60-9" 

Number  of  holes  open, 

.     48 

48 

Cubic  feet  of  water  per  hour, 

.     16,828 

16,827 

Nominal  volume  of  pump, 

.     16,500 

17,080 

Per  cent,  of  do.  delivered,     . 

.  102- 

98-5 

Actual  volume  of  pump, 

.     15,870 

Per  cent  of  do.  delivered, 

.  106-2 

It  would,  at  first  thought,  appear  impossible  that  any  pump  should 
deliver  more  water  than  the  actual  piston  displacement,  but  it  must 
be  remembered  that  the  conditions  of  these  pumps  are  materially  dif- 
ferent from  those  generally  tested. 

In  place  of  having  to  suck  the  water  from  a  tank  below,  the  pump 
cylinder  is  2|  feet  below  the  surface  of  the  water,  which  would,  if  the 
piston  were  at  rest,  fill  the  barrel,  and  rise  2|  feet  above. 

The  maximum  velocity  of  the  water  in  the  suction-pipe  is  less  than 
4  feet  per  second,  while  the  velocity  due  to  a  head  of  2^  feet  is  more 
than  14  feet,  leaving  a  margin  of  10  feet  velocity  corresponding  to  a 
head  of  more  than  1|  feet,  tending  to  overflow  the  pump  barrel. 

This  would  account  for  an  amount  of  water  equal  to  the  full  dis- 
placement of  the  piston,  for  it  will  be  seen  hereafter  that  the  head 
necessary  to  overcome  the  resistance  of  the  valves  and  pipes  is  less 
than  this  difference. 

To  account  for  the  excess  of  water  delivered  another  cause  appears. 

The  total  length  of  all  pipes  from  the  sea  to  the  pump,  and  thence 
through  the  condenser  and  overboard,  is  more  than  70  feet.  These 
pipes  must  be  filled  with  a  solid  column  of  water,  for  there  are  no  air 
vessels  on  the  pump,  and  there  can  be  no  air  in  the  water,  except  that 
drawn  in  through  the  Kingston  valve  in  the  bilge,  20  feet  below  the 
surface. 

The  mean  velocity  of  the  water  in  these  pipes,  at  100  strokes,  is 
more  than  3  feet  per  second. 

When  the  pump  piston  has  its  maximum  velocity  it  is  pushing  this 
column  of  water,  but  when  it  reaches  the  end  of  its  stroke  and  sud- 
denly stops,  hesitating  an  instant  before  commencing  a  return  stroke, 
the  long  column  of  water  cannot  be  instantly  stopped  without  burst- 
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ing  all  the  pipes,  but  must,  as  in  a  hydraulic  ram,  continue  in  motion 
until  its  momentum  is  exhausted. 

The  velocity  of  3  feet  per  second  would  carry  it  up  about  1^  inches 
in  the  standing  pipe,  if  the  piston  should  hesitate  long  enough. 

The  total  travel  of  the  water  might  be 

and  the  per  cent,  of  piston  displacement  delivered 

181+H 


18| 


=108. 


The  maximum  excess  would  be,  at  this  speed,  8  per  cent.,  which 
would  be  reduced  by  the  resistance  of  the  passages. 

There  can  be  no  gain  of  efficiency  from  this  cause,  for  although 
a  portion  of  the  water  has  gone  through  the  pump  without  effort, 
when  the  piston  commences  its  return  stroke  it  will  press  on  the  water 
at  rest,  or  nearly  so,  which  must  be  set  in  motion  at  the  expense  of 
the  steam. 

The  shape  of  the  indicator  cards  taken  from  the  water  cylinder 
appears  to  indicate  that,  during  the  first  part  of  the  suction  stroke, 
the  water  was  pressing  on  the  piston,  as  explained  above,  and  that 
the  portion  of  the  stroke  through  which  that  action  lasts,  increases  as 
the  pump  runs  faster,  corroborating  the  measurements  and  foregoing 
theory. 

The  results  computed  from  the  indicator  cards  taken  from  the  for- 
ward pump  (copies  of  which  are  annexed  to  this  paper),  are  as  follows: 
Number  of  strokes,         .  .  .  63-46     7964     95-8 


Steam,  mean  pressure,    . 
"       back         " 


"       total         "... 

Water,  mean  pressure,    . 
Pressure  necessary  to  work  pump,  steam  pres- 
sure less  water  pressure, 


Actual  horse-power  (one  pump). 

Actual  horse-power  at  reduced  head  (one  pump),  246       4'86       T'l 


8-6 

9-72 

10-62 

2-77 

6-24 

9-34 

11-37 

15-96 

19-96 

7-118 

7-673 

8-83 

1-482 

2  049 

1-78 

Mean 

177 

6-5 

11-2 

14-7 
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APPENDIX. 

The  following  computation  of  the  head  in  feet,  necessary  to  force 
the  water  through  the  pipes,  valves  and  condenser  tubes  at  the  veloci- 
ty corresponding  to  sixty  strokes  of  the  pump  per  minute,  made 
previous  to  the  experiment,  according  to  the  laws  of  hydraulics  as 
laid  down  in  Rankine's  Civil  Engineering,  serves  to  check  the  accu- 
racy of  the  experiment,  and  to  show  that  the  power  necessary  to  work 
a  circulating  pump  on  ship  board  can  be  very  approximately  com- 
puted when  the  arrangement  of  pipes  is  known  : 

Assumed  velocity  of  pump,  60  strokes  per  minute. 


Tubes, "      . 

ArpaR  in 
square  feet. 

2-698 

Velocity  of  Water  ia 
feet  p»r  gecond. 

1-028 

Pipes, 

1-227 

2-241 

Pump, 
Valve  ports. 

1-767 
1-1875 

1-562 
2.324 

Strainer  holes, 

1-474 

1-872 
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The  losses  of  head  considered  are : 
1st.  Head  necessary  to  give  velocity. 
2d.       "  *'  "  overcome  friction. 

3d.       "  "  "         "        resistance  of  bends. 

4th.      "  "  "         "  "  "  valves. 


These  have  the  following 

values : 

To  give  velocity, 

• 

Tubes, 

h  =  -0602 

Pipes, 

"      -2337 

Pump  barrel. 

"      -0758 

Valve  ports, 

"      -1677 

Strainer,     . 

"      -0543 

./^Q1  7 

To  overcome  friction  A„  ^  -^k-» 

2g 

in  which  F  is  a  factor  depending  upon  the  form  and  material  or  the 

passage. 


Tubes, 

h,= 

•275840 

Pipes, 

li 

•089280 

Pump  barrel. 

n 

•000222 

Valve  ports. 

« 

•001310 

Strainer,    . 

u 

•004388 

•384040 

To  overcome  resistance  in  bends,  being  an  amount  depending  upon 
the  number  and  abruptness  of  bends,  h^  =1'1664. 
To  overcome  resistance  of  springs  on  back  of  valves  : 

Area  of  rubber  disc,  50  square  inches. 

Strength  of  spring,  45  lbs. 

Estimated  lift,  f  inch. 

Press  per  square  inch,  -^  lbs. 

Loss  of  head : 

Receiving  valve,  A^=l-8 
Delivery        "  1-8 

3-6 
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Friction  and  bends  in  external  pipe : 

Total  resistance  at  60  strokes : 

\=  -591700 
h^=  -384040 
^3=1-664000 
^4=3-600000 
\=  -086000 


6-325740 


Total  loss  from  friction  at  60  strokes : 

\=  -59170 
h^=  -38404 
A3=1.66400 
h=  -08600 


2-72574 
Total  loss  from  friction  at  63-46  strokes : 

(63-46)'^  2-72574  =  3-049 

Resistance  of  valves,         .  .  .  3*600 

Statical  head  in  pipe,        .  .  .  11*000 

Computed  head  equivalent  to  resistance,  .  17-649 

Experimental  head  equivalent  to  resistance, 
being  mean  pressure  +  height  of  water 
above  the  pump,  .  .  .  16*460 

Difference,  ....  1*278 

Error  of  computed  resistance  in  per  cent,  of 

actual  resistance,  .  .  .  ^l 

This  error  probably  arises  from  the  valves  not  lifting  as  much  as  f 
inches,  and  therefore  the  springs  on  the  backs  of  the  receiving  and 
delivery  valves  not  offering  the  resistance  stated. 
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TEST  TRIAL  OF  THE  LYNN  PUMPING  ENGINE. 


SECOND     REPOKT     OF     THE     BOARD     OF     ENGINEERS,     TO     THE     PUBLIC 
WATER    BOARD    OF    LYNN,    MASS. 


[Continued  from  Vol.  Ixviii,  page  414.] 


MEASURES    OFCAPAC  IT  Y    OF     PUMP. 

The  overflow  from  the  stand-pipe  at  the  reservoir  was  conveyed  by 
a  wooden  trunk  into  a  weir  box  15  feet  long,  6  feet  wide  and  4  feet  6 
inches  deep.  The  weir  was  at  the  opposite  extremity  from  the  trunk. 
Its  crest  was  2-ll|  feet  above  the  bottom  of  the  box,  and  3-73  feet  wide, 
and  placed  centrally  in  the  end  of  the  box.  That  the  water  should 
approach  the  weir  with  as  uniform  flow  as  possible,  two  racks  covered 
with  wire  cloth  were  placed  between  the  trunk  and  the  weir.  The 
arrangement  of  weir  and  mode  of  taking  heights  of  water  were  like 
those  adopted  by  Mr.  Francis  in  his  "  Lowell  Hydraulic  Experi- 
ments." The  readings  were  every  2|  minutes,  and  as  the  heights 
varied  but  little  they  have  been  averaged  as  giving  a  result  sufiiciently 
near.  The  discharges  have  been  calculated  by  Mr.  Francis'  Tables 
and  the  correction  for  velocity  of  approach  from  his  formula. 

The  readings  were  taken  from  3  P.  M.  to  6  P.  M.,  December  10, 
and  from  3  P.  M.  to  6  P.  M.,  December  11.  Readings  would  have 
been  taken  the  12th,  but  the  filling  of  the  reservoir  by  the  pumping 
disturbed  the  supports  of  the  weir  box. 

The  average  height  on  the  10th  was 0743 

"       llth  was 0-739 

Discharge  from  3  P.  M.  to  G  P.  M.,  December  lOth 7-666  cubic  feet  per  second. 

llth 7-606     »'         "  '« 

Leak  of  weir  measured  and  estimated 0-0092  "         «'  " 

Revolutions  of  engine  during  3  liours,  from  3  P.  M.  to  6  P.  M.^  Dec.  lOth,  3,303. 

"     llth,  3,314. 

Capacity  of  pump  by  weir,  measured  December  lOtli 187-49  galls. 

llth 185-41     " 

Average 186 -4;") 

Add  for  leak  at  weir -23       180-68     " 

Measured  capacity 194-37     " 

186.68 

194:37  -•'««'• 

Loss  of  action  of  pump  as  given  in  the  first  report,  4  per  cent. 


44 


Civil  and  Mechanical  Engineering. 


HIGH  PRESSURE  CYLINDER— TOP. 
December  11th,  6  a.  m. 


i 


U5  ■^-0     iH 


HIGH  PRESSURE  CYLINDER— BOTTOM. 
December  12th,  3  a.  m. 
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LOW  PRESSURE  CYLINDER— TOP. 

DECKMBER  11th,  11  p.  M.— AND  AVERAGES. 
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LOW  PRESSURE  CYLINDER— BOTTOM. 
December  12th,  2.  a.  m. — and  averages. 


8  S  ■ 
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The  cards,  as  given  in  the  cuts,  are  representations  of  cards  taken- 
by  the  indicators.  The  figures  to  the  left  of  the  lines  show  the  pres- 
sures as  measured  by  the  scales  of  lbs. — the  figures  to  the  right  of 
the  lines,  the  average  pressures  on  the  different  ordinates  taken  from 
the  table  of  indicator  cards. 

The  readings  of  the  barometer  at  the  engine  house  were  : — 

9  A.  M.,  December  10th 3010  inches. 

5     "  "  11th 30-30 

3  P.M.,         "  12th 29-68 

with  nearly  a  gradual  rise  and  fall. 

The  records  at  the  signal  station,  Boston,  were : — 

7.58  A.  M.,  December  10th 30-070 

7  "  "  11th 30-276 

2       P.M.,        "  12th 29-658 

Records  of  gauge — 

Eztremea.  Average. 

Vacuum 27|  to  28^  in.  28  in. 

Steam  gauge  in  engine  room 65    to  72  lbs.  70^  lbs. 

(Corrected.) 

on  boiler  No.  1 69J  to  75^  lbs.  73J" 

"      No.  2 70    to  76     "  74     " 

Water  gauge  in  engine  room 63-6  to  64-6  64-20 

This  last  gauge  was  that  employed  to  determine  the  pressure  on 
the  water  piston,  and  it  will  be  seen  by  reference  to  our  first  report 
that  reducing  the  height  of  the  gauge  above  the  average  height  of 
water  in  the  well  to  pounds,  and  estimating  friction  in  this  lower  portion 
of  the  main  at  1  pound ;  the  pump  piston  is  credited  with  a  load  of  73"41 
pounds  per  square  inch.  Daring  the  night  of  December  10-11  and  11-12 
a  number  of  cards  were  taken  by  Mr.  Hermany  from  the  centre  of 
the  pump  by  a  Hopkinson  indicator.  The  average  pressure,  as  shown 
by  the  cards  taken  December  10-11,  was  73*66  lbs.,  and  December 
11-12,  72-75  lbs.,  of  which  the  average  will  be  at  little  less  than  the 
load  estimated  in  our  calculations  of  duty. 

The  average  length  of  stroke  from  the  cards,  before  the  cut-off  on  the 

high-pressure  cylinder  was  at  top 0-337  of  stroke. 

At  bottom ; 0-325 

The  average  closing  of  exhaust  was  in  high-pressure  cylinder,  top 0-858  " 

Bottom,  0-841  " 

Low  "  Top 0-938  '« 

Bottom,  0-940  " 
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BIADINGS    or    THERMOMETERS. 

extremes.  ATerage. 

Steam  in  engine  connection 321°  to  326°  324* 

Smoke  in  boiler  flue 310  to  350  338 

Feed  water  from  measuring  cask 91    to    97  95 

"  "  "     donkey  connection 91    to    98  95 

Condensed  water  at  its  discharge  into  pump-well 88    to    92  91 

WELL. 

Pump  well 40   to    42  41 

Air  outside  engine  house 24   to    38J  82 

ft.    in.      ft.  in.  ft.    In , 

Water  in  well— depth 7  lOJ  to  8  1  7  11|* 

Depth  of  overflow  of  stand-pipe  at  reservoir 6  inches. 

Referring  to  the  last  column  of  preceding  table,  it  will  be  seen  that 
at  11  A.  M.,  December  10th,  the  average  level  of  the  water  in  the 
boilers  was  0.,  whilst  at  3  P.  M.,  Dec.  12th,  it  was  -f-  3-16  inch,  or 
about  143  lbs.  of  water  in  excess  in  the  boilers  at  the  close  of  the 
trial  over  what  it  was  at  the  commencement.  It  was  discovered  Dec. 
11th  that  there  was  a  small  leak  from  the  boilers  through  the  blow-off 
pipe,  which  continued  throughout  the  trial,  and  this  leak  was  found, 
by  catching  it  in  a  pail  and  weighing,  to  be  at  the  rate  of  22  lbs.  per 
hour.  22  lbs.  X 52  hours, +  143  lbs.=l,287  lbs.  These  1,287  of 
water  were  raised  from  9o°,  the  average  temperature  of  the  feed,  to 
324°,  the  average  observed  temperature  of  the  steam,  which,  on  the 
basis  of  the  evaporation  during  the  trial,  from  95°  to  1,179°,  would 
require  317  lbs.  of  coal.  No  account  of  this  small  item  was  taken  in 
our  estimate  of  duty. 

At  the  close  of  the  trial  for  duty  and  capacity,  an  experiment  was 
made  to  determine  the  quantity  of  steam  condensed  in  the  jackets  of 
the  steam  cylinders.  The  return  pipe  to  the  boiler  was  disconnected 
and  the  water  as  condensed  in  the  jackets  was  allowed  to  drip  into  a 
pail,  and  as  the  pail  was  full  the  time  was  noted  and  contents  weighed. 
The  rate  of  condensation  was  found  to  be  nearly  uniform,  and  the 
quantity  condensed  in  56^  minutes,  69  lbs.  at  98°,  or  if  referred  to 
the  52  hours  duration  of  the  trial,  3,810  lbs.  were  during  that  time 
condensed  in  the  jackets. 

In  conclusion,  the  records  now  submitted  in  this  our  second  report, 
without  any  deductions  or  inferences  therefrom,  will  be  found  full 
and  sufficient  to  enable  any  one  interested  in  and  conversant  with 
such  matters  to  estimate   the  work  done  at  engine  and  pump,  the 
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friction  of  rising  main,  and  the  evaporation  of  water  per  pound  of^ 
coal,  or  per  pound  of  combustible,  at  any  standard  of  temperature ; 
thus  affording  means  of  comparison  Avith  former  experiments  on  pump- 
ing engines ;  and  at  the  same  time  presenting  in  a  preservable  form 
data  which  we  trust  will  be  valuable  for  future  reference. 

W.  E.  WORTHEN,  JAS.  P.  KIRKWOOD, 

J.  C.  HOADLEY,  CHAS.   HERMANY, 

JOSEPH  P.  DAYIS. 
New  York,  June  1st,  1874. 


APPENDIX. 

First  Report  of  the  Board  of  Engineers  on  the  Test  Trial  of 

THE  Pumping  Engine  at  Lynn,  Mass. 

Gentlemen  : — Agreeably  to  your  request,  we  have  made  a  test 
trial  of  the  pumping  engine  connected  with  your  works,  and  now  re- 
spectfully present  this  our  first  report. 

The  character  of  the  engine  being  entirely  different  from  that  pre- 
scribed in  the  original  specifications,  it  seemed  to  us  that  the  manner 
of  conducting  the  experiment,  and  of  determining  the  capacity  and 
duty  of  the  engine,  was  left  without  restriction  to  our  judgment,  and 
in  this  view  your  chairman  concurred. 

As  the  pumping  engine  at  Lowell  is  very  similar  to  yours  in  con- 
struction and  performance,  we  have  followed  the  modes  of  test  that 
were  adopted  at  the  late  trial  there. 

The  engine  was  started  at  8.50  A.  M.,  December  10,  1873,  but  the 
test  was  not  considered  to  have  commenced  till  11  A.  M.,  and  it  was 
concluded  at  3  p.  m.,  December  12,  making  the  duration  of  the  trial 
fifty-two  hours,  without  stop.  The  engine  at  the  conclusion  of  the  test 
continued  its  work,  the  fires  and  water  in  the  boilers  being  kept  as 
uniform  as  possible,  and  the  duration  of  the  experiment  was  established 
by  inspection  of  the  firing  as  shown  on  the  coal  profile  plot.  The 
capacity  of  the  pump  was  determined  by  weir  measures  at  the  reser- 
voir— three  hours,  from  3  p.m.  to  6  p.m.,  December  10,  and  three 
hours,  from  3  p.m.  to  6  p.m.,  December  11 — and  the  actual  delivery 
was  found  to  be  ninety-six  per  cent,  of  the  capacity  as  given  us  by 
Mr.  Leavitt,  the  mechanical  engineer  who  designed  the  machine.  The 
capacity  of  the  full  pump  is  194.37  gallons;  the  delivery  per  revolu- 
tion, as  determined  by  weir  measurement,  was  186.55  gallons  ;  the 
number  of  revolutions  made  in  the  fifty-two  hours  was  57,357  ;  and 
the  total  quantity  of  water  delivered  at  the  reservoir  during  that  time, 
10,700,163  gallons — or  the  delivery  was  at  the  rate  of  205,772  gallons 
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per  hour.     The   delivery  required  by    the  terms  of   the    contract  is 
200,000  gallons  per  hour. 

The  duty  was  established  as  follows  : — The  area  of  the  pump,  by 
our  measures  of  the  diameter,  is  534.53  square  inches. 

The  load  was  determined  from  a  gauge  on  the  main,  near  the  pump, 

the  average  reading  of  which  was 64.20  lbs. 

The  difference  of  level  between  centre  of  guage  and  surface  of  water 

in  the  pump-well,  reduced  to  pounds 8.21  lbs. 

Allowance  for  friction  and  bends  of  main,  between  guage  and  pump- 
well,  as  at  Lowell 1 .00  lbs. 

Total  pressure  per  square  inch 73.41  lbs. 

The  length  of  stroke,  as  measured,  was  seven  feet. 

From  the  above  data,  and  the  number  of  revolutions,  the  work  done 
at  the  pump  was  determined,  no  deduction  having  been  made  for  loss 
of  action.  The  coal  was  picked  Lackawanna  coal,  and  the  contractor 
was  allowed  to  make  use  of  any  coal  from  the  cinder  that  he  deemed  of 
value  as  combustible,  but  no  credit  has  been  allowed  for  screenings  or 
unconsumed  coal.  The  coal  has  been  charged  against  the  machine  in 
gross,  and  the  total  quantity  fed  into  the  furnaces  during  the  fifty-two 
hours  was  15,160  pounds.  The  division  of  the  foot-pounds  of  work  by 
the  weight  of  coal  determined  the  duty,  and  the  result  is  103.923,215 
foot-pounds  for  every  one  hundred  pounds  of  coal  fed  into  the  furnaces. 

The  duty  given  by  your  engine  is,  so  far  as  we  are  aware,  the  high- 
est that  has  ever  been  obtained  by  trial  test  of  any  pnmping  engine 
in  this  country,  and  we  believe  that  in  the  future  it  will  make  a  good 
record  for  itself — a  record  that  will  confirm  the  wisdom  of  your  action 
in  adopting  so  novel  a  form  of  machine.  The  arrangement  of  parts, 
though  unusual,  appears  judicious,  and  to  have  been  well  considered. 
The  framing  is  particularly  worthy  of  mention,  as  showing  a  distribu- 
tion of  material  favorable  for  strength  and  rigidity. 


EFFICIENCY  OF  FURNACES  BURNING  WET  FUEL 

AS    DETER.MINED    BY    EXPERIMENTS    ON    A    LARGE   SCALE. 


By   Professor  R.   H.  Thurston,  A.  M.,  C.  E. 


A   Paper  read  before  the  American  Society  of  Civil  Engineers,  October  21st,  1874. 
(Continued  from  Volume  Ixviii,  page  404.) 


16.  A  very  neat  apparatus  has  been  invented  by  Leicester  Allen, 
of  New  York,  for  determining  the  quality  of  the  steam  furnished  by 
a  steam  boiler.  One  of  these  instruments  was  made  under  the  direc- 
VOL.  LXIX.— Third  Bbries.— No.  1— January,  1875.  4 
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tion  of  the  writer,  for  a  committee  of  the  American  Institute,  and 
used  in  1872,  together  with  the  apparatus  already  described,  at  the 
American  Institute  Exhibition  of  that  year. 

17.  At  the  trial  about  to  be  described  it  was  impossible  to  condense 
all  of  the  steam  made,  and  as  no  "  Allen  Calorimeter  "  was  obtaina- 
ble, it  became  necessary  to  improvise  apparatus  for  the  occasion. 
The  steam-pipe  leading  to  the  engine  was  tapped  by  a  piece  of  gas- 
pipe,  on  which  was  fitted  a  stop-valve.  From  a  short  piece  of  pipe 
attached  to  this  stop-valve  a  length  of  india-rubber  hose  was  led  to  a 
convenient  point  beside  the  boilers,  where  a  barrel  was  mounted  on  an 
accurate  platform  scale,  200  pounds  of  water  were  carefully  weighed 
into  this  barrel,  and  when  the  scale  beam  precisely  balanced,  the 
weight  was  set  ahead  10  pounds.  A  very  accurate  thermometer, 
which  had  been  provided  by  the  writer,  completed  this  crude  yet  sat- 
isfactory arrangement. 

At  intervals  during  the  trial  the  stop-valve  was  opened,  and  after 
allowing  steam  to  blow  through  the  hose  freely  until  all  water  was  ex- 
pelled, and  the  hose  was  so  thoroughly  heated  as  to  insure  that  no 
loss  of  heat,  by  the  steam  flowing  through  it,  should  produce  condensa- 
tion and  render  the  results  inaccurate,  the  end  of  the  pipe  was  plunged 
into  the  water  contained  in  the  barrel,  and  the  issuing  steam  allowed 
to  condense  until  the  rise  of  the  scale  beam  proved  10  pounds  of 
steam  to  have  been  added  to  the  weight  originally  placed  in  the  barrel. 
The  temperature  of  the  water  was  carefully  observed  at  the  beginning 
and  at  the  end  of  the  experiment,  and  the  rise  of  temperature  recorded 
as  a  basis  for  the  estimates  of  priming  to  be  given. 

18.  It  was  considered  advisable  to  ascertain,  if  possible,  the  tem- 
perature of  the  products  of  combustion  escaping  to  the  chimney.  No 
pyrometer  was  obtainable,  and  it  became  necessary  to  improvise 
another  arrangement  for  this  purpose.  A  mass  of  iron,  weighing  60 
pounds,  was  found  and  placed  in  the  flue  leading  from  the  boiler, 
where  it,  after  a  time,  attained  the  temperature  of  the  gases  flowing 
past  it.  A  wooden  vessel  of  convenient  size  and  shape  was  obtained, 
and  50  pounds  of  water  were  carefully  weighed  into  it.  At  intervals 
of  two  or  three  hours  the  iron  was  suddenly  removed  irom  the  flue  and 
dropped  into  this  water.  The  initial  and  final  temperatures  were 
noted,  and,  with  the  range,  recorded  for  use  in  calculating  the  tem- 
perature of  the  waste  products  of  combustion.  The  pressure  of  steam 
was  observed  hourly. 
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19.  The  collated  observations  gave  the  following  data : 

Mean  steam  pressure  during  trial 71.4  pounds, 

Total  amount  of  spent  tan  burned 7.7  cords. 

"         "         "    water  fed  to  boilers 73125  pounds. 

Temperature  of  water  entering  boilers 190°  Fah. 

"  "  in  determining  priming  : 

^  Initial.         Final.         Range. 

1st  observation 60°  110°  50° 

2d  '^  63°      124  (116°?)      53°(?) 

3d  "  62°  115°  53° 

Temperature  of  water  in  determining  temperature  of  flues : 

Ist  observation 6-5°  119°  54° 

•Jd  "  63°  122°  59° 

Weight  of  one  cord  of  wet  spent  tan,  as  measured  in  the  leach 5447.7  pounds. 

Length  of  trial 13  hours. 

20.  The  determination  of  the  total  heat  derived  from  the  cord  of 
fuel  is  the  first  and  most  important  problem.  To  solve  it,  it  is  neces- 
sary to  know  the  temperature  and  weight  of  feed  water,  the  weight  of 
steam  produced  and  its  temperature,  the  weight  of  water  heated  to  the 
temperature  of  the  steam,  but  not  evaporated,  and  the  quantity  of  fuel 
consumed.  From  the  data  obtained  we  can  readily  ascertain  the  total 
number  of  units  of  heat  utilized  per  cord  of  wet  fuel  burned. 

21.  It  is  first  necessary  to  calculate  what  portion  of  the  73,125 
pounds  of  water  passing  through  the  boiler,  was  actually  evaporated. 

Each  pound  of  steam  produced,  required  for  its  generation  the  quan- 
tity of  heat  needed  to  raise  it  from  tlie  temperature  of  the  feed-water 
to  that  due  the  pressure  under  which  it  was  formed,  and  to  vaporize 
it  at  that  temperature. 

Each  pound  of  water,  carried  away  in  suspension  by  the  steam,  only 
absorbed  from  the  fuel  the  amount  of  heat  needed  to  raise  its  tempera- 
ture from  that  of  the  feed-water  to  that  of  the  steam. 

In  heating  the  water  in  the  calorimeter  used  in  testing  its  quality, 
each  pound  of  steam  gave  up  an  amount  of  heat  equal  to  that  which 
would  have  been  required  to  raised  its  temperature  from  that  of  the 
mass  in  the  calorimeter  at  the  end  of  the  experiment,  to  that  of  the 
steam  in  the  boiler,  and  to  evaporate  it  at  the  latter  temperature  and 
pressure. 

Each  pound  of  water  entering  the  calorimeter,  surrendered  a  quan- 
tity of  heat  equal  to  that  needed  to  raise  its  temperature  from  the 
final  temperature  of  the  calorimeter  to  that  of  the  steam  under  boiler 
pressure. 
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22.  The  total  amount  of  heat  being  the  sum  of  these  two  quantities^ 
we  may  construct  an  algebraic  equation  which  shall  embody  all  the 
conditions  of  our  problem.* 

Let  H=  the  number  of  heat  units  per  pound  of  steam,  h  =  the  num- 
ber of  heat  units  per  pound  of  water,  ?/=  total  heat  transferred  to 
calorimeter,  Tr=  total  weight  of  steam  and  water,  a;  =  total  weight  of 
steam  alone.  W —  x  =  weight  of  water  alone. 

^-  W 

Then  JTx-hh(W—x)=U;  ov,  x  =  _h. 

h 

23.  At  the  first  experiment,  the  steam  pressure,  per  gauge,  was  75 
pounds.  The  temperature  of  steam  at  this  pressure  is  320°  Fahr. 
The  "  total  heat "  of  steam  at  320°,  from  0°  Fahr.,  and  at  75  pounds 
pressure,  is  (820—212)  0-305+212+66-6=1211-5°. 

The  heat  transferred  to  the  calorimeter,  per  pounds  of  steam,  was 
therefore  1211-5  —  110=1101*5  thermal  units  in  this  experiment. 

The  heat  transferred,  per  pound  of  water,  was  320  — 110=210 
thermal  units. 

The  total  quantity  of  heat  transferred  to  the  200  pounds  of  water, 
by  10  pounds  of  mingled  steam  and  water,  was  200  (110° — 60°)= 
10,000  thermal  units. 

10000 

T..     „  ~2T0~ 

J^inally,  x=  ^201.5 =  8*87  pounds  steam. 

~2ro      ^ 

F— a;  =10  — 8-87  =1-13  pounds  of  water. 

The  percentage  of  priming  was,  therefore,  11*3.    The  ratio  of  weight  of 

8*87                                          1'13 
steam  and  water  was =7*85,  the  water  being X  100^12-74 

1-13  '  ^8-87 

per  cent,  of  the  steam. 

24.  The  other  experiments  were  made  with  the  steam  pressure  as 
before,  -and,  in  the  second,  the  valve  of  W —  x  com«s  out  negative,  in- 
dicating superheating.  This  may,  possibly,  have  actually  occurred  as 
a  consequence  of  the  water  having  fallen  slightly  below  the  upper  row 

*See  Report  of  Committee  on  Test  of  Steam  Boilers;  Trans.  Am.  Inst.,  1871-2. 
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of  tubes  in  one  boiler,  but  it  is  more  probable  that  the  reading,  124°, 
does  not  represent  the  mean  temperature  of  the  mass  of  water  in  the 
calorimeter.  In  this  experiment,  tl^^  water  was  not  as  carefully  stirred 
with  the  thermometer  as  in  the  other  experiments,  and  the  temperature 
was  taken  at  the  surface  of  the  water,  after  a  first  and  otherwise  sat- 
isfactory reading  of  116°  had  been  obtained,  but  a  second  application 
of  the  steam  jet  had  been  necessary,  to  accurately  balance  the  scale, 
which  heated  the  surface  above  the  average  temperature  of  the  mass 
previously  heated.  The  true  reading  can  probably  have  been  no 
higher  than  116°  or  117°,  and  it  is  taken  for  purposes  of  calculation 
at  the  former  figure,  although  the  lowest  unrecorded  reading,  finally, 
actually  obtained  at  the  middle  of  the  well  stirred  mass  was  116°. 

10600 

-904--  10 

Then  x^  — ■ =  9.6  pounds  steam, 

_1095-5_  ^ 

204  ~^ 

and  the  weight  of  water  being  10  —  9-6=0'4,  the  percentage  of  prim- 

04 
ing  was  4,  and  the  water  carried  over  weighed— —;X  100=4-3  per   cent. 

as  much  as  the  steam  with  which  it  was  mingled. 
In  thie  third  experiment 

10600  _,Q 
20*^ 
^^IMB^S =9-59;  W  —  x  =  QA\. 

~205 

The  percentage  of  priming  was  4-1,  and  of  water  to  steam  4*2  per 
cent. 

The  mean  percentage  of  priming  was  6"47.  The  mean  percentage 
of  steam  alone  was  93*53. 

25.  The  total  quantity  of  heat  derived  from  the  fuel  and  taken  up 
by  the  boilers  can  now  be  divided  into  two  portions  and  each  calcu- 
lated. 

The  total  weight  of  steam  produced  was  73125  X  -9353  =  68393-8. 
"  "  water  primed       "    73125  X '0647  =    4731-2. 

The  mean  pressure  at  which  this  steam  was  formed  being  71-4 
pounds,  we   find  its  '•  total  heat"    per  pound  to  be   1210-6  thermai 
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units,  and  the  heat  communicated  to  each  pound  of  feed  entering  at 
190°,  and  evaporated  at  this  pressure,  1020-6  units.  The  average 
heat  received  from  the  fuel  by  each  pound  of  water  not  evaporated 
was  127  thermal  units. 

Then  68393-8  X  1020-6  =  69802712*3  units, 

and  4731-2  X     127-0=     600862-4      " 
Total  heat  from  the  fuel  =  70403574-7  thermal  units. 

Total  heat  per  cord  of  tan= =-^ =  9143321-4  units. 

26.  the  usual  standard,  as  generally  accepted  by  Engineers  in  ex- 
amples of  this  kind,  is  the  evaporation  of  one  pound  of  water,  at  the 
boiling  point,  and  under  atmospheric  pressure. 

The  heat  required  is  the  latent  heat  at  212°,  or  966*6  thermal 
units  per  pound.     We  have  therefore — 

Equivalent  evaporation,  by  one  cord  of  wet  spent  tan,  from  212°, 
under  atmospheric  pressure : 

9143321-4      ^,,^^  ,      , 

— fxr.^,r.      =  9459-2  pounds  of  water. 

27.  Under  these  conditions,  10  pounds  of  water  would  be  consid- 
ered a  fair  evaporation  per  pound  of  good  coal,  and  in  this  example, 
therefore,  the  furnace  utilized  from  each  cord  of  tan  the  equivalent 
of  946  pounds  of  coal. 

28.  A  quantity  of  the  tan  was  placed  in  a  "  fruit  jar,"  and  hermeti- 
cally sealed.  This  tan  was  carefully  weighed  by  Professor  Geyer,  at 
the  Stevens  Institute  of  Technology,  was  dried  by  exposure  to  the 
air  in  the  study  of  the  writer  for  one  week,  and  then  was  again 
weighed  by  Prof.  Geyer,  in  the  presence  of  the  writer.  The  weights, 
before  and  after  drying,  were  respectively  656-8  grammes,  and  268-8 
grammes.  This  fuel  contained,  therefore,  59  per  cent,  water,  and 
but  41  per  cent,  woody  fibre. 

The  weight  of  a  cord  of  this  tan,  measured  in  the  leach,  and  then 
well  dried  in  the  open  air,  would  be  2233*56  pounds,  and  the  equiva- 
lent evaporation  per  pound  becomes  4-24  plus  that  of  the  water  con- 
tained in  the  fuel,  say  1-44,  or  5-68  pounds  water  per  pound  of  com- 
bustible. 

29.  The  determination  of  the  temperature  of  chimney  flue,  or  of 
the  escaping  gaseous  products  of  combustion,  is  thus  made.     At  the 
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first,  observation,  50   pounds  of  water  were  heated  from  65°  to  119° 

Fahr.,  a  range  of  54°,  by  the  cooling  of  a  mass  of  iron  weighing  60 

pounds,  from   an   unknown  temperature  to  119°  Fahr.     The  amount 

of   heat   communicated    to   the   water   was  50  X  54  ::=  2700    ther- 

2700 
mal  units.     Each  pound  of  iron,  therefore,  parted  with — -_=45 

bO 

nnits  of  heat. 

The  specific  heat  of  iron  is  given  by  Watts  as  0.112.  It  requires, 
therefore,  the  cooling  of  one  pound  of  iron  through  nine  degrees  of 
temperature  to  heat  a  pound  of  water  one  degree.  The  iron,  in  the 
case  considered,  must  therefore  have  lost  45  X  9^405°  Fahr.,  when 
cooled  to  119°,  and  its  original  temperature,  and  that  of  the  escaping 
gases  in  the  flue,  must  have  been  405°  +  119=  524°  Fahr. 

The  second  observation  in  a  similar  manner,  gives  the  temperature 
of  the  chimney  flue  at  564°-5  Fahr. 

Watts  gives  315°  centigrade,  599°  Fahr.,  as  a  proper  temperature 

with  natural  draft. 

25 
Rankine  gives  absolute  temperature  of  external  air  multiplied  by  — 

as  the  temperature  giving  most  effective  draught.  In  this  case,  there- 
fore, in  which  the  average  temperature  of  the  air  was  74°,  the  best  tem- 
perature of  ch imney  woul d  have  been ( 25*^^"^^^^  )  —  461=645°  Fahr. 

30.  The  minute  inaccuracy  of  the  results  thus  obtained,  which  is 
due  to  changes  of  the  specific  heat  of  water,  and  of  metal,  under  vary- 
ing temperatures,  is  of  no  practical  importance.  As  the  vessel  con- 
taining the  water  heated  was  of  wood,  in  each  case,  the  usual  correc- 
tion for  heating  the  vessel  when  metallic  becomes  of  no  importance 
also,  and  the  weight  of  the  thermometer  being  insignificant  in  com- 
parison with  that  of  the  water,  that  correction  is  unnecessary.  This 
method  is  of  great  value  as  a  last  resort,  in  absence  of  other  good  heat 
measuring  appliances. 

THE    CROCKETT    FURNACE. 

31.  The  second  furnace  which  was  experimented  upon  by  the 
writer,  was  of  the  form  known  as  the  "  Crockett."  This  form  of 
furnace  is  shown  in  Fig.  2,  and  that  here  described  was  of  the  same 
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general  form  as  that  illustrated,  differing  principally  in  its  arrange- 
me'nt  of  bridge  walls. 


In  this  example  two  furnaces  were  constructed  side  by  side,  each 
having  a  grate  surface  of  4  X  6  feet,  the  total  grate  area  of  both 
being  48  square  feet. 

The  grates  were  of  cast  iron,  of  ordinary  form,  set  so  closely  that 
none  of  the  wet  fuel  could  fall  through  into  the  ash-pit.  It  was  stated 
that  it  was  not  intended  that  the  charred  fuel  should  fall  through  and 
burn  in  the  ash-pit. 

During  this  trial,  however,  more  or  less  burning  tan  was  continually 
falling  into  the  ash-pit  and  burning  there.  This,  undoubtedly,  assisted, 
in  some  degree,  in  the  desiccation  of  the  wet  fuel,  by  direct  radiation 
of  heat,  and  by  heating  the  entering  air  as  it  passed  over  this  bed  of 
hot  coals.  To  this  extent  the  furnace  resembled,  in  its  action,  the 
Thompson  furnace,  already  described. 

Above  the  grates  a  brick  arch  was  turned,  as  shown,  against  which 
the  products  of  combustion  impinged  and  the  heat  radiated  from  the 
burning  fuel  on  the  grate,  keeping  this  arch  at  a  high  temperature,  it 
assisted  the  process  of  desiccation  of  wet  fuel,  when  first  thrown  in, 
by  strongly  radiating  upon  it  the  heat  thus  stored  up  while  the  fires 
were  most  intense.  From  the  furnace  the  gases  passed  directly  into 
the  flues  beneath  the  boiler. 

32.  The  tan,  wet  from  the  leach,  was  charged  into  the  furnaces 
through  the  doors  in  the  front,  as  in  all  usual  forms  of  furnace, 
and  the  process  of  "firing"  differed  but  little  from  that  usual  with 
thin  fires,  where  coal  is  used.  The  fuel  was  throAvn  in  at  intervals  of 
between  5  and  8  minutes,  the  furnace-man  taking  care,  first,  to  fill  all 
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holes  in  the  burning  mass,  and,  next,  covering  the  whole  with  a  very 
evenly  distributed  and  very  thin  layer  of  fresh  fuel.  This  fresh  charge 
was  quickly  dried  by  the  heat  of  the  burning  fuel,  over  which  it  was 
spread,  and  by  the  heat  radiated  from  the  hot  furnace  arch  above  it, 
and,  taking  fire,  burned  freely.  No  special  effort  seemed  to  be  made 
to  obtain  ''alternation"  in  working  the  furnace,  but  the  irregularity 
with  which  the  fuel  burned  at  different  parts  of  the  grate  did,  perhaps, 
secure  something  of  this  effect. 

33.  The  fuel  was  measured  in  the  leach,  as  in  the  previous  case,  and 
about  a  half  leach,  measuring  4|  cords,  was  burned  during  the  trial, 
between  8  o'clock  A.  M.  and  6  o'clock  P.  M.  The  actusil  working 
time  was  9-  hours,  the  work  being  stopped  from  12  M.  to  1  P.  M. 

34.  The  tan  bark  burned  was  hemlock,  mixed  with  some  oak.  It 
looked  like  a  better  material  than  that  used  in  the  other  trial.  It 
was  more  cleanly  ground,  seemed  less  "  soggy,"  and  had  a  much 
better  color. 

35.  The  boilers  used  here  were  two  in  number.  One  was  an  old- 
fashioned  "  Cornish"  boiler,  4  feet  in  diameter  and  18  feet  long,  with 
one  24-inch  flue.  The  second  was  6  feet  in  diameter,  with  four  18- 
inch  flues;  the  total  length  was  15  feet.  The  gases  from  the  furnace 
were  led  under  the  boilers,  and  then,  with  a  double  return  through 
the  boiler-flues  to  the  chimney.  The  total  heating  surface,  reckoned 
as  before,  was  very  closely  700  square  feet. 

36.  The  flues  were  stated  to  have  been  so  long  in  use  without 
cleaning,  that  the  drauglit  was  somewhat  impeded  by  the  accumula- 
tion of  ashes  beneath  the  boilers,  and  that  the  rapidity  of  combustion 
was  somewhat  lessened.  The  two  trials  are,  therefore,  both  to  be  taken 
as  representing  less  than  the  maximum  capacity  of  the.  furnaces. 

37.  The  trial  was  made  by  a  somewhat  similar  method  to  that 
adopted  in  the  one  already  described.  The  quality  of  steam  was 
determined  similarly.  The  water  was  measured  differently.  In  this 
case  the  capacity  of  the  feed-pump  exceeded  several  times  the  require- 
ments of  the  boiler,  and  the  only  absolutely  reliable  means  of  deter- 
mining the  quantity  of  fuel  seemed  to  be  to  measure  every  pound 
going  to  the  pump,  thus  evading  the  uncertainty  attending  any 
attempt  to  secure  regularity  in  the  action  of  the  latter. 

38.  A  barrel  was  fitted  to  the  suction-pipe  of  the  pump,  and  an 
employ^  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of 
Technology  was  stationed  with  a  hose  to  fill  it  with  water,  when  it 
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became  empty,  and  to  keep  an  account  of  the  number  of  barrels  used, 
while  an  emplojd  of  the  proprietors  of  the  tannery,  stationed  at  the 
pump,  checked  the  account.  All  of  the  water  fe  I  into  the  boilers 
during  the  trial  was  thus  measured,  and  at  the  close  of  the  trial  the 
barrel  was  taken  out,  filled  on  the  scales,  and  the  weight  of  its  con- 
tents determined. 

39.  There  was  no  opening  into  the  chimney  flue  through  which 
the  escaping  gases  could  be  reached,  and  their  temperature  was  not 
determined. 

40.  The  amount  of  smoke  issuing  from  the  chimney  of  this  fur- 
nace was  considerably  greater  than  was  observed  at  the  preceding 
trial,  indicating  that  the  Thompson  Furnace  secured  a  somewhat 
more  perfect  combustion  than  the  Crockett. 

41.  The  results  of  this  trial  gave  the  following  data  : 
Total  number  of  cords  of  tan  burned,        .         ,         .        4*5 

"     weight  of  water  fed  to  boilers,         .         .         .28  509  pounds. 
Temperature  of  feed-water  entering  boilers  (estimated),    160°  Fahr. 
"         water  observed  in  determining  "  priming": 

Ist  observation, 

2d  «  .  . 

3d  "  .  . 

4th  " 

Length  of  trial,      .  .  .  .  .  .9  hours. 

42.  Estimating  the  priming  as  before,  we  obtain  from  the  several 
observations,  which  were  made  with  the  steam  pressure,  per  gauge,  55, 
50,  45  and  60  pounds,  respectively,  a;  =  9-02,  a:  =  8-07,  a;  =  9-12, 
and  a:  =  8-55,  and  the  percentage  of  priming,  9*8,  19-3,  8'8,  14*5  per 
cent.  The  mean  of  all  observations  gives  the  average  percentage  of 
priming  at  13*1  per  cent.,  and  indicates  that  the  steam  issuing  from 
the  boiler  carried  in  suspension  15  per  cent,  of  its  own  weight  of  un- 
evaporated  water. 

43.  We  determine  the  total  heat  from  the  fuel  thus  : 

Steam  produced,  .  .  .  28  509  X  0-869  =  24  774-32  pounds. 
Water  primed,         .         .         .28  509x0-131=    3  734-68      " 

The  mean  pressure  of  steam  during  the  trial  was  50-44  pounds  per 
square  inch,  and  its  temperature  298°  Fahr.  Its  total  heat  at  298° 
from  0°  was  1204-8  units  per  pound.     Then  we  have 


Initial, 

Final, 

£ange. 

68° 

118° 

50° 

70° 

118° 

48° 

76° 

126° 

50° 

76° 

124° 

48° 
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Total  heat,  per  pound  of  steam 1204-8—160=  1044-8 

"                  "               water •298  —  160=        138,  and 

Total  heat  transferred  from  fuel  to  steam 25  884  209*54  units. 

"                "                    "         water 515  385'84     "     and  hence 

Total  heat  transferred  from  fuel  to  feed 26  399  595-38  units. 

"        per  cord  of  wet  tan „  6  866  576-75     " 

Equivalent  evaporation  per  cord,  water  at  212° 7  103-84  pounds. 

"          weight  of  coal  per  cord  of  tan 710-38      " 

44.  A  sample  of  the  fuel  used  in  this  trial  was  sealed  up,  as  before, 
and  was  similarly  weighed  at  the  Stevens  Institute  of  Technology, 
dried  in  the  air  one  week,  and  its  loss  of  moisture  determined. 

This  sample  contained  55  per  cent,  of  water,  and  45  per  cent,  lig- 
neous material.  The  weight  of  the  tan  in  the  leach  was  judged  to  be 
practically  the  same  as  in   the  preceding  trial,  and  the  equivalent 

71 0^-84. 
evaporation  per  pound  is  =  3-19  plus  the  water  held  by  the 

fuel,  say  1*22,  or  4'41  pounds. 

(To  be  Continued.) 


[Entered  according  to  act  of  Congress,  in  the  year  1873,  by  John  Kichards,  in  the  oflBce  of  the 
Librarian  of  Congress  at  Washington.] 

THE  PRINCIPLES  OF  SHOP  MANIPULATION  FOR  ENGINEERING 
APPRENTICES. 


By  J.  Richards,  Mechanical  Engineer. 


[Continued  from  Vol.  Ixviii,  page  425.] 


DESIGNING    MACHINES. 

It  will  hardly  be  expected  that  any  part  of  these  articles  that  are 
intended  mainly  for  apprentices,  should  relate  to  designing  machines, 
yet  there  is  no  reason  why  the  subject  should  not  to  some  extent  be 
studied  from  the  beginning  of  a  course. 

There  is,  perhaps,  no  one  who  has  achieved  a  successful  experience 
as  an  engineer  but  will  acknowledge  the  advantages  derived  from 
early  efforts  to  generate  original  designs,  and  at  the  same  time,  admit 
that  if  these  first  efforts  had  been  properly  directed,  the  advantages 
gained  would  have  been  greater  still. 
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There  is  nothing  more  difficult,  in  the  absence  of  experimental 
knowledge,  than  for  an  apprentice  engineer  to  discriminate  and  choose 
plans  for  his  own  education,  or  to  determine  the  best  way  of  pursu- 
ing such  plans  when  they  have  been  chosen ;  and  there  is  nothing 
that  consumes  so  much  time  or  is  more  useless  than  making  original 
plans,  if  there  is  »ot  some  systematic  method  followed  in  such 
attempts. 

There  is  no  object  in  preparing  designs,  when  their  counterpart 
may  already  exist,  so  that  in  making  original  plans,  there  should  be 
some  knowledge  of  what  has  been  already  done  in  the  same  line ;  it 
is  not  only  discouraging,  but  annoying,  after  studying  a  design  with 
great  care,  to  find  that  it  has  been  anticipated,  and  that  the  work  has 
been  one  of  reproduction  only ;  for  this  reason,  attempts  to  design 
should  at  first  be  confined  to  familiar  subjects,  instead  of  venturing 
upon  unexplored  ground. 

Designing  is  in  many  respects  the  same  thing  as  invention,  except 
that  it  deals  more  with  mechanism  than  principles,  although  it  may, 
and  often  does  include  both.  Like  invention,  designing  should  always 
be  attempted  for  the  attainment  of  some  definite  object  laid  down  at 
the  beginning,  and  followed  persistently  throughout ;  without  such  an 
object  the  time  spent  in  designing  is  apt  to  be  lost. 

It  is  not  always  an  easy  matter  to  hit  upon  an  object  to  which  de- 
signs may  be  directed ;  and  although  at  first  thought  it  may  seem  that 
any  machine  or  part  of  a  machine  is  capable  of  improvement,  it  is  no 
easy  matter  to  define  existing  faults  nor  to  conceive  of  plans  for  their 
remedy.  ^ 

A  new  design  should  be  predicated  upon  one  of  two  suppositions, 
either  that  existing  mechanism  of  the  same  kind  is  imperfect  in  its 
construction,  or  that  it  lacks  functions  that  the  new  design  may  sup- 
ply, and  if  those  who  spend  their  time  in  making  plans  for  novel 
machinery  would  stop  to  consider  this  fact  before  beginning,  it  would 
save  no  little  time  that  is  wasted  in  what  is  termed  scheming  without 
a  purpose. 

Aside  from  determining  the  precise  object  of  an  improvement,  and 
ar  riving  at  the  principles  of  operating  in  the  preparation  of  designs, 
there  is  nothing  connected  with  constructive  engineering  that  can  be 
m  ore  nearly  brought  within  general  rules  and  principles  than  that  of 
d  etailinjr  machines.  I  am  well  aware  of  how  far  this  statement  is  at 
variance  with  popular  opinion  amo-cv^  mechanics  on  this  subject,  and 
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also  of  the  very  thorough  knowledge  of  machine  application  and  ma- 
chine operation  that  is  required  in  making  designs,  and  mean,  that 
when  the  premises  are  once  laid  down,  there  are  certain  principles 
and  rules  that  may  determine  their  arrangement  and  distribution  of 
material,  the  position  and  relation  of  moving  parts,  so  that  a  machine 
may  be  built  up  without  any  more  risk  of  mi  take  than  in  building  a 
house. 

Designing  machines  includes  their  adaptation,  endurance  and  cost. 
Adaptation  referring  to  the  performance  of  machinery,  its  commercial 
value,  or  what  the  machinery  may  earn  in  operating,  as  compared  to 
hand  labor.  Endurance,  to  the  time  that  machines  may  operate  with- 
out detention  for  repairs,  and  the  constancy  of  their  performance ; 
and  cost,  to  the  investment  represented  in  the  machinery,  which  must 
be  in  proportion  to  the  nature  and  amount  of  tlie  work  performed. 

The  adaptation,  endurance,  and  cost  of  machines,  may  be  resolved 
into  movements,  arrangement  of  parts,  and  proportions.  Movements 
and  strains  may  be  called  the  base  upon  which  designs  for  machines  are 
based;  movements  determining  the  general  dimensions,  and  strains 
the  proportions  and  sizes  of  particular  parts.  Movement  and  strain 
determine  the  nature  and  area  of  bearings  and  bearing  surfaces. 

The  range  and  speed  of  movements  in  machines  are  elements  in 
designing  that  admit  of  a  definite  determination  from  the  condition  of 
their  operation,  but  arrangement  cannot  be  so  determined  and  is  the 
most  difficult  point  to  find  data  for  in  preparing  original  designs. 
To  generalize,  there  must  be,  in  designing  : 

First,  a  conception  of  certain  functions  or  an-  object  which  the 
mechanism  is  to  accomplish. 

Second,  plans  of  adaptation  and  arrangement  of  the  component 
parts  of  the  machinery,  or  organization  as  it  may  be  called. 

Third,  a  knowledge  of  specific  conditions,  such  as  strains  and  the 
range  and  rate  of  movements. 

Fourth,  there  must  be  proportions  of  the  various  parts,  including 
bearings  and  bearing  surfaces. 

To  illustrate  the  practical  application  of  these  propositions,  let  it 
be  supposed,  for  example,  that  a  machine  is  to  be  made  for  cutting 
the  teeth  in  gear  racks,  of  three-fourths  inch  pitch  and  three  inches 
face,  and  that  we  are  to  set  out  to  prepare  a  design  from  original 
premises  and  without  any  reference  to  such  machines  as  may  be  in 
use  for  this  purpose. 
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It  is  not  proposed  that  an  actual  design  shall  be  made  that  will  by 
■words  alone  convey  a  comprehensive  idea  of  an  organized  machine, 
but  to  proceed  by  a  course  that  will  illustrate  the  plan  of  reasoning 
that  is  most  likely  to  attain  a  successful  result. 

The  reader,  in  order  to  understand  what  is  said,  may  keep  in  his 
mind  a  shaping  machine  with  crank  motion,  a  machjne  that  very 
nearly  fills  the  segments  of  cutting  tooth  racks. 

Having  assumed  a  certain  work  to  do,  the  cutting  of  tooth  racks 
three-fourths  inch  pitch  and  three  inches  face,  the  first  thing  to  be 
considered  will  be,  is  the  machine  to  be  a  special  one,  or  one  of  gene- 
ral adaptation  ?  This  question  has  to  do,  first,  with  the  functions  of 
the  machine  in  the  way  of  adapting  it  to  the  cutting  of  racks  of  other 
sizes  or  other  kinds  of  work,  and  secondly,  as  to  the  completeness  of 
the  machine,  for  if  it  is  to  be  a  standard  one,  instead  of  being  adapted 
only  to  a  special  use,  there  is  in  the  first  case  many  expensive  addi- 
tions that  may  be  made  which  can  be  omitted  in  a  special  machine. 
It  will,  therefore,  be  assumed  in  this  example  that  a  special  machine 
is  to  be  constructed  to  perform  a  particular  duty  only. 

The  nature  of  the  work  to  be  performed  consists  in  cutting  away 
the  metal  between  the  teeth  of  the  rack,  leaving  a  perfect  outline  for 
the  teeth,  and  as  this  shape  of  the  teeth  cannot  well  be  obtained  by 
adjustment  of  the  tools,  it  must  be  attained  by  the  shape  of  the  tools. 
As  the  shape  of  the  tools  must  be  maintained,  and  the  cross  section 
of  the  displaced  metal  is  not  too  great,  we  at  once  conclude  that  the 
shape  of  the  tools  should  be  a  profile  of  the  space  between  the  teeth, 
and  the  whole  cut  away  at  one  setting  or  one  operation.  By  the 
application  of  principles  laid  down  in  a  former  place  in  reference  to 
cutting  various  kinds  of  material,  it  is  decided  to  use  reciprocating  or 
planing  tools,  instead  of  rotary  or  milling  tools  to  cut  away  the  metal 
in  the  present  case. 

Next  we  come  to  movements  which  consist  in  a  reciprocating  cut- 
tinc'  movement,  a  feed  movement  to  graduate  the  cutting,  and  a  lon- 
gitudinal movement  of  the  rack  with  means  to  graduate  the  pitch  of 

the  teeth. 

The  reciprocating  cutting  movement  being  but  four  inches  or  less, 
a  crank  is  ^obviously  the  best  means  to  produce  this  motion,  and  as 
the  movement  is  transverse  to  the  rack  which  may  be  long  and  un- 
wieldy, it  is  equally  obvious  that  the  cutting  motion  should  be  given 
to  the  tools  instead  of  the  rack. 
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The  feed  adjustment  of  the  tool  being  intermittent  and  the  amount 
of  cutting  edge  that  acts  continually  varying,  this  movement  should 
be  performed  by  hand  so  as  to  be  controlled  at  will  by  the  sense  of 
feeling.  The  same  rule  applies  to  the  adjustment  of  the  rack  for 
spacing,  which  being  intermittent  and  irregular  as  to  time,  should  be 
performed  by  hand.  The  speed  of  the  cutting  movement  from  estab- 
lished data  we  know  should  not  exceed  from  sixteen  feet  to  twenty 
feet  a  minute,  and  that  a  belt  two  and  one-half  inches  wide  must  move 
two  hundred  feet  a  minute  to  propel  an  ordinary  metal  cutting  tool, 
so  that  the  crank  movement  must  be  increased  by  gearing  until  this 
speed  of  the  belt  is  reached.  This  will  furnish  the  general  speed  of 
pulleys  and  gear  wheels. 

Next  comes  arrangement ;  in  this  the  first  matter  to  be  considered 
is  the  convenience  of  manipulation.  The  cutting  should  be  within 
easy  view,  so  as  to  be  watched,  and  horizontally,  to  be  more  easily 
watched.  The  operator  has  to  keep  his  hand  on  the  adjusting  or  feed 
mechanism,  which  is  about  twelve  inches  above  the  work,  and  it  fol- 
lows that  if  the  cutting  level  is  four  feet  from  the  floor,  and  the  feed 
handle  five  feet  from  the  floor,  the  arrangement  will  be  convenient  for  a 
standing  position.  It  may  also  be  assumed  that  as  the  work  requires 
continual  inspection  and  hand  adjustments,  it  would  be  a  proper  arrange- 
ment to  overhang  both  the  supports  for  the  rack  and  the  cutting  tools, 
placing  them,  as  we  may  say,  outside  the  machine,  to  secure  conve- 
nience of  access  and  allow  inspection.  The  position  of  the  cutting 
bar,  crank,  connections,  gearing,  pulleys  and  shafts,  will  assume  their 
respective  places  from  the  obvious  conditions  arising  from  the  position 
of  the  operator  and  the  work. 

Next  in  order  are  strains ;  as  the  cutting  is  the  source  of  the  strains, 
and  as  the  resistance  offered  by  the  cutting  tools  is  as  the  length  of 
the  acting  edge,  we  find  in  this  case  that  while  all  other  conditions 
have  pointed  to  a  small  machine  we  have  here  a  new  one  that  calls 
for  large  proportions.  In  displacing  the  metal  between  the  teeth  of 
three-fourths  inch  pitch,  the  cutting  edge  or  the  amount  of  surface 
acted  upon  is  equal  to  a  width  of  one  and  one-half  inches ;  it  is  true, 
the  displacement  may  be  but  small  at  each  cut,  but  the  strain,  as 
remarked  before,  is  rather  to  be  predicated  upon  the  breadth  of  the 
acting  edge,  and  we  find  here  conditions  that  create  strains  equal  to 
the  average  duty  of  a  large  planing  machine.  This  strain  radiates 
from  the  cutting  point  as  from  a  centre,  falls  on  the  supports  of  the 
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work  with  a  tendency  to  force  it  from  the  framing,  acts  between  the  ^ 
rack  and  the  crank  shaft  bearing,  through  the  medium  of  the  tool,  cutter 
bar,  connection,  and  crank  pin,  and  in  various  directions  and  degrees 
that  may  be  very  well  defined  in  making  a  drawing.  Besides  this 
cutting  strain,  there  are  none  of  importance.  The  tension  of  the 
belt,  the  side  thrust  in  bearings,  the  strain  from  the  .angular  thrust 
of  the  crank,  and  the  end  thrust  of  the  tool,  are  all  insignificant,  and 
while  not  to  be  lost  sight  of,  need  not  to  have  much  to  do  in  questions 
of  proportion  or  special  arrangement. 

In  the  strains  we  find  data  for  special  arrangement,  which  is  quite 
a  distinct  matter  from  general  arrangement,  the  latter  being  governed 
by  the  conveniences  of  manipulation.  Special  arrangement  deals  with 
and  determines  the  shape  of  framing,  following  the  strains  throughout 
the  machine.  In  the  present  case  we  have  a  cutting  strain  which  will 
be  assumed  as  equal  to  one  ton  exerted  between  the  bracket  or  jaws 
that  support  the  work  and  the  crank  shaft.  It  follows  that  between 
these  points  the  metal  in  the  framing  should  be  disposed  in  as  direct  a 
line  as  possible,  but  as  the  frame  cannot  follow  this  line  but  must  go 
below  it,  provision  must  be  made  to  resist  flexion  by  a  deep  section 
vertically,  and  parallel  with  the  cutting  motion. 

Lastly,  proportions ;  having  estimated  the  cutting  force  required 
at  one  ton,  which  will  serve  for  illustration,  although  less  than  the 
actual  strain  in  a  machine  of  this  class,  we  proceed  upon  this  to  base 
proportions,  beginning  with  the  tool  shank,  and  following  back  through 
the  adjusting  saddle,  the  cutting  bar,  connections,  crank  pins,  shafts, 
and  gear  wheels  to  the  belt.  Starting  again  at  the  tool,  or  point  of 
cutting,  following  back  through  the  supports  of  the  rack,  the  jaws  that 
clamp  it,  the  saddle  for  the  graduating  adjustment,  the  connections 
with  the  main  frame,  and  so  on  to  the  crank  shaft  bearing,  giving 
dimensions  to  each  piece  that  is  sufficient  to  withstand  the  strains 
without  deflection  or  danger  of  breaking.  These  proportions  cannot, 
I  am  aware,  be  brought  within  the  rules  of  ordinary  practice  by  rely- 
ing upon  calculation  alone  to  fix  them,  and  no  such  a  course  is  sug- 
gested ;  calculation  may  aid,  but  cannot  determine  proportions  in 
such  cases  ;  besides,  symmetry,  which  cannot  be  altogether  disre- 
garded, often  modifies  the  form  of  cast  iron  framing. 

I  have  in  this  way  indicated  a  methodical  plan  of  proceeding  to 
generate  a  design,  as  far  as  words  alone  will  serve,  beginning  with 
certain  premises  to  define  the  purpose  to  be  attained,  and  then  pro- 
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ceeding  to  consider  in  consecutive  order  the  general  character  of  the 
machine,  mode  of  operation,  movements  and  adjustments,  general 
arrangement,  strains,  special  arrangement,  and  proportions. 

With  a  thorough  practical  knowledgerof  machine  operation  and  an 
acquaintance  with  existing  practice,  an  engineer  proceeding  upon  this 
plan  will,  if  he  does  not  overlook  some  of  the  conditions,  generate 
machine  designs  that  will  remain  without  much  modification  or  change 
so  long  as  their  purpose,  to  which  it  is  directed,  remains  the  same. 
Perseverance  is  an  important  trait  to  be  cultivated  in  first  efi"orts 
to  generate  designs ;  it  takes  a  certain  amount  of  study  to  understand 
any  branch  of  mechanism,  no  matter  what  natural  capacity  may  be 
brought  to  bear.  Mechanical  operations  are  not  learned  intuitively, 
and  are  always  surrounded  by  many  peculiar  conditions  that  must  be 
learned  seriatim,  as  we  may  say,  so  that  it  is  only  by  an  untiring 
perseverance  at  one  thing  that  there  can  be  any  hope  of  improving  it 
by  new  designs. 

The  learner  who  goes  from  gearing  and  shafts  to  steam  and  hydrau- 
lics, from  machine  tools  to  cranes  and  hoisters,  will  not  accomplish 
much.  It  is  a  good  plan  to  select  an  easy  subject  at  first,  one  that 
admits  of  a  great  range  of  modification,  and  if  possible,  one  that  has 
not  assumed  a  standard  form  of  construction.  Bearings  and  supports 
for  shafts  and  spindles,  is  perhaps  one  of  the  best. 

In  bearings  for  shafts  the  strains  are  easily  defined,  while  the  pivotal 
support,  vertical  and  lateral  adjustment,  and  lubrication  of  bearings 
and  symmetry  of  supports  and  hangers  will  furnish  material  for  end- 
less modification,  both  as  to  arrangement  and  mechanism. 

In  making  designs  never  use  any  references  except  what  is  carried 
in  the  mind.  The  more  familiar  a  person  is  with  machinery  of  any 
class,  the  more  able  he  may  be  to  prepare  designs,  but  not  by  meas- 
uring and  referring  to  other  people's  plans.  Dimensions  and  arrange- 
ment are  in  this  way  carried  into  a  new  drawing,  even  by  the  most 
skilled,  without  their  being  at  the  time  conscious  of  it;  besides,  it  is 
by  no  means  a  dignified  matter  to  collect  other  people's  plans  and  by 
combination  and  modification  to  produce  new  designs.  This  may  be, 
at  first,  an  easy  plan  to  acquire  a  certain  kind  of  proficiency,  but  will 
most  certainly  hinder  an  engineer  from  ever  rising  to  the  dignity  of 
an  original  designer.  The  custom  of  using  references  destroys  confi- 
dence and  inculcates  habits  of  thought  and  a  want  of  originality  that 
when  once  acquired  are  not  easily  got  rid  of. 
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Symmetry,  as  an  element  in  designs  for  machinery,  is  one  of  those  " 
unsettled  matters  that  can  only  be  determined  in  connection  with  par- 
ticular cases.  I  may,  however  say,  that  in  all  engineering  implements 
and  manufacturing  machinery  of  every  kind,  there  should  be  nothing 
added  for  ornament,  or  that  has  no  correlation  with  the  functions  of 
the  machinery. 

Modern  engineers  of  the  better  class  are  so  thoroughly  in  accord 
in  this  matter  in  both  opinion  and  practice,  that  it  hardly  requires  to 
be  mentioned ;  but  it  will  be  no  disadvantage  to  the  learner  who  in- 
tends to  devote  his  time  to  mechanics  to  commence  by  cultivating  a 
contempt  for  whatever  has  no  useful  purpose.  Of  existing  practice 
it  may  be  said,  that  in  what  may  be  called  industrial  machinery,  the 
amount  of  ornamentation  met  with  is  inversely  as  the  amount  of  en- 
gineering skill  that  was  employed  in  preparing  the  designs. 

Perhaps  a  safe  rule  will  be  to  assume  that  all  machinery  that  is 
used  and  seen  by  the  skilled,  should  be  devoid  of  ornament,  and  that 
machinery  that  is  publicly  seen  by  the  unskilled,  should  have  some 
ornament  in  its  composition.  If  there  is  to  be  any  rule,  this  would 
seem  to  be  a  proper  one,  and  accords  with  modern  practice,  for,  by 
common  consent,  steam  fire  engines,  water  works  engines,  sewing 
machines,  and  other  work  of  this  class  that  falls  mainly  under  the 
inspection  of  the  unskilled,  is  usually  arranged  with  more  or  less 
ornamentation. 

Ornament,  when  attempted,  should  never  be  carried  further  than 
graceful  proportions,  and  the  arrangement  of  framing  should  follow 
as  nearly  as  possible  the  lines  of  strain.  Extraneous  ornamentation, 
such  as  detached  filagree  work  of  iron,  or  painting  in  colors,  is  so 
repulsive  to  the  taste  of  the  true  engineer  and  mechanic  that  there  is 
but  little  use  in  arguing  against  it. 

INVENTION. 

The  relation  between  invention  and  the  engineering  arts,  and  espe- 
cially between  invention  and  machines,  will  warrant  a  short  review  of 
the  matter  here ;  or  even  if  this  reason  was  wanting,  there  is  a  sufii- 
cient  one  in  the  fact  that  one  of  the  first  aims  of  an  engineering 
apprentice  is  to  "  invent"  something,  and  as  the  purpose  is,  so  far  as 
possible,  to  say  something  upon  each  subject  in  which  the  beginner 
has  an  interest,  invention  must  not  be  passed  over.  It  has  been  the 
object,  this  far,  to  show  that  machines,  processes,  and  mechanical 
manipulation  generally  may  be  systematized   and  generalized  to  a 
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greater  or  less  extent,  and  that  a  failure  to  reduce  mechanical  manipu- 
lation and  machine  construction  to  certain  rules  and  principles  can 
only  be  ascribed  to  a  want  of  knowledge,  and  not  to  any  inherent 
condition  or  principle  that  prevents  such  a  solution.  This  same 
proposition  is  applicable  to  invention,  with  the  difference  that  inven- 
tion, in  its  true  sense,  may  admit  of  a  more  perfect  generalization 
than  even  machines  and  processes. 

By  the  term  invention,  as  applied  to  mechanical  improvements,  is 
not  meant  chance  discovery,  a  construction  that  is  commonly  placed 
upon  the  term,  but  deductions  wrought  out  from  certain  principles  or 
premises  that  have  been  proved  and  acknowledged ;  the  results  attained 
by  the  application  of  intelligent  research  and  experiment,  as  distin- 
guished from  what  may  be  called  discovery ;  in  short,  demonstration, 
which  may  be  applied  to  any  improvement  that  is  not  the  result  of 
chance. 

In  the  sciences  that  rest  in  any  degree  upon  physical  experiment, 
like  chemistry,  discovery  and  experiments  without  a  definite  purpose, 
may  be  a  proper  kind  of  research,  and  may,  in  the  future,  as  it  has 
in  the  past,  lead  to  great  and  useful  results ;  but  in  mechanics  the 
matter  is  different ;  the  demonstration  of  the  conservation  of  force, 
and  the  relations  between  force  and  heat,  has  supplied  the  last  link 
in  a  chain  of  principles  that  may  be  said  to  comprehend  all  that  we 
are  called  upon  to  deal  with  in  ordinary  mechanics,  and  there  remains 
but  little  hope  of  developing  anything  new  or  useful  by  discovery 
alone.  The  time  has  been,  and  has  not  yet  passed  away,  when  even 
the  inost  unskilled  thought  their  chances  of  inventing  improvements 
in  machinery  were  almost  equal  with  that  of  the  engineer  and  skilled 
mechanic,  but  this  has  been  changed  in  late  years,  and  new  schemes 
are  now  weighed  and  tested  by  scientific  analysis,  that  is  often  more 
reliable  than  actual  experiments,  unless  the  experiments  are  scienti- 
fically performed.  The  veil  of  mystery  that  an  ignorance  of  the 
physical  sciences  had  thrown  around  mechanics  has  been  cleared  away, 
and  so  far  has  mechanical  superstition,  if  the  term  may  be  allowed, 
and  chance  discovery  disappeared,  that  many  of  our  best  modern 
engineers  regard  their  improvements  in  machinery  but  the  exercise  of 
their  profession,  and  hesitate  about  asking  for  protective  grants  that 
will  secure  an  exclusive  use  of  that  which  another  might  and  often 
does  demonstrate  whenever  circumstances  called  for  such  improve- 
ment. There  are,  beyond  doubt,  new  articles  of  manufacture  to  be 
discovered,  and   perhaps  improvements  in   machinery  that  will  be 
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proper  subject  matter  for  patents ;  improvements  that  in  all  chance 
would  not  be  made  for  the  term  of  a  patent  except  by  the  inventor ; 
but  such  cases  are  very  rare,  and  it  is  fair  to  assume  that  unless  an 
invention  is  one  that  could  not  be  regularly  deduced  from  existing 
data,  and  one  that  would  not,  in  all  probability,  have  been  made  for 
a  long  term  of  years  by  any  other  person  than  the  inventor,  then  the 
inventor  can  have  no  natural  right  to  exclusive  use  that  will  not 
infringe  that  of  others. 

It  is  not,  however,  the  intention  to  discuss  patent  law  now,  even  to 
judge  what  benefits  have  in  the  past,  or  may  in  the  future  be  gained 
to  technical  industry  by  the  patent  system,  but  what  I  do  wish  to  do 
is  to  impress  tTie  engineering  apprentice  with  a  better  and  more  dig- 
nified appreciation  of  his  calling  than  to  confound  it  with  chance  in- 
vention, and  thereby  destroy  that  confidence  in  positive  results  which 
characterizes  modern  mechanical  engineering.  I  would  also  have 
him  guard  against  the  loss  of  time  and  efi"ort  that  is  often  expended 
in  searching  after  inventions  for  the  object  of  gain,  reminding  him 
that  such  schemes  are  always  predicated  upon  an  assumed  ignorance 
on  the  part  of  others  that  often  turns  out  a  mistake. 

Let  the  apprentice  invent  or  demonstrate  all  that  he  can,  the  more 
the  better,  but  let  it  be  according  to  some  system,  and  with  a  proper 
object.  Never  spend  time  in  groping  in  the  dark  after  an  object  of 
which  no  definite  conception  has  been  formed,  nor  after  any  project 
that  is  not  to  fill  an  ascertained  want ;  that  is,  never  make  an  inven- 
tion and  then  have  to  hunt  up  a  use  for  it,  but  start  methodically,  as 
a  bricklayer  builds  a  wall,  as  he  mortars  and  sets  each  brick  as  he 
goes  along,  so  qualify  each  piece  or  movement  that  is  added  to  the 
mechanical  structure,  so  that  when  done,  the  result  may  be  useful  and 
enduring. 

As  remarked,  every  attempt  to  generate  anything  new  in  machinery 
should  be  commenced  by  ascertaining  a  want  for  the  improvement ; 
first  find  a  fault  in  what  exists,  or  is  already  known,  and  set  out  with 
a  definite  object  in  view.  Study  the  general  principles  upon  which  this 
fault  is  to  be  remedied,  or  upon  which  the  want  may  be  met,  and  then 
"  fill  in"  the  mechanism  like  the  missing  link  in  a  chain.  These  proposi- 
tions, stated  in  this  way,  will  no  doubt  fail  to  convey  the  full  meaning 
intended,  and  I  will  assume  an  example  to  render  this  systematic 
plan  of  inventing  more  plain,  choosing  the  valve  movement  of  steam 
hammers  as  a  new  subject. 
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Presuming  that  the  apprentice  has  read  what  was  said  of  steam  ham- 
mers in  another  place,  or  is  from  other  sources  already  familiar  with 
the  uses  and  general  construction  of  hammers,  let  us  suppose  that  steam 
hammers,  with  the  ordinary  automatic  valve  action,  to  be  well  known 
and  understood,  so  far  as  those  that  give  an  elastic  or  steam-cushioned 
blow.  Next,  suppose  that  by  analyzing  the  nature  of  the  blow  given 
by  hammers  of  this  class,  either  by  mathematical  deductions,  theo- 
retical inference,  or  by  experiment,  it  has  been  demonstrated  that 
dead  blows,  where  the  hammer  comes  to  a  full  stop  in  striking  work, 
to  be  more  effectual  in  certain  kinds  of  work,  and  that  steam  hammers 
would  be  improved  by  being  arranged  to  operate  upon  this  principle. 
This  would  constitute  the  first  stage  of  the  invention,  by  demonstrat- 
ing a  fault  in  existing  hammers,  and  a  want  of  certain  functions  that 
would,  if  added,  improve  them. 

Proceeding  from  these  premises,  the  first  thing  should  be  to  examine 
the  principles  and  plans  of  existing  valve  gear,  to  see  where  this  want 
of  functions  lies,  and  to  gain  the  aid  of  suggestions  that  the  existing 
mechanism  may  offer,  also  to  see  how  far  the  appliances  in  use  may 
become  a  part  of  any  new  system  that  is  to  be  applied. 

By  examining  the  rebounding  hammers  it  will  be  found  that  the 
valve  is  connected  to  the  drop  by  means  of  links,  that  produce  a  coin- 
cident movement  of  the  piston  and  valve,  and  that  the  movement  of 
one  is  contingent  upon  and  governed  by  the  other.  It  will  be  seen 
that  these  connections  or  links  are  capable  of  extension  in  their 
length,  to  alter  the  relative  position  of  the  piston  and  valve,  thereby 
regulating  the  range  of  the  blow,  but  still  the  movement  of  the  two  is 
reciprocal  or  in  unison.  Reasoning  inductively,  not  discovering  or 
inventing,  it  may  be  determined  that  to  secure  a  stamp  or  dead  blow 
of  the  hammer  head,  the  valve  must  not  open  or  admit  steam  beneath 
the  piston  until  the  blow  is  completed  and  the  hammer  has  stopped. 
Here  occurs  one  of  those  mechanical  problems  that  especially  require 
logical  solution.  The  valve  must  be  moved  by  the  drop,  there  is  no 
other  moving  mechanism  to  give  motion  to  it;  besides,  the  valve  and 
drop  must  be  connected,  to  insure  coincident  action,  but  the  valve 
requires  to  move  when  the  drop  is  still.  Proceeding  still  inductively, 
it  is  clear  that  a  third  agent  must  be  introduced,  some  part  that  is 
moved  by  the  drop,  and  in  turn  moves  the  valve,  but  so  arranged  that 
this  intermediate  agent  may  continue  to  move  after  the  hammer-drop 
has  stopped. 

(To  be  contmued.) 
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ON  THE  EFFECT  OF  ACID  ON  THE  INTERIOR  OF  IRON  WIRE  * 


By  Professor  Osborne  Reynolds,  M.  A. 

It  will  be  remembered  that  at  a  previous  meeting  of  this  society, 
Mr.  Johnson  exhibited  some  iron  and  steel  wire  in  which  he  had  ob- 
served some  very  singular  effects  produced  by  the  action  of  sulphuric 
acid.  In  the  first  place  the  nature  of  the  wire  was  changed  in  a 
marked  manner,  for  although  it  was  soft  charcoal  wire  it  had  become 
short  and  brittle ;  the  weight  of  the  wire  was  increased ;  and  what 
was  the  most  remarkable  effect  of  all  was  that  when  the  wire  was 
broken,  and  the  face  of  the  fracture  wetted  with  tne  mouth,  it  frothed 
up  as  if  the  water  acted  as  a  powerful  acid.  These  effects,  however, 
all  passed  ofi"  if  the  wire  were  allowed  to  remain  exposed  to  the  air 
for  some  days,  and  if  it  were  warmed  before  the  fire,  they  passed  ofi" 
in  a  few  hours. 

By  Mr.  Johnson's  permission,  I  took  possession  of  one  of  these 
pieces  of  wire  and  subjected  it  to  a  farther  examination,  and  from  the 
result  of  that  examination  I  was  led  to  what  appears  to  me  to  be  a 
complete  explanation  of  the  phenomena.  I  observed  that  when  I 
broke  a  short  piece  from  the  end  of  the  wire  the  two  faces  of  the 
fracture  behaved,  very  difierently — that  on  the  long  piece  frothed 
when  wetted  and  continued  to  do  so  for  some  seconds,  while  that  on 
the  short  piece  would  harc'ly  show  any  signs  of  froth  at  all.  This 
seemed  to  imply  that  the  gas  which  caused  the  froth  came  from  a 
considerable  depth  below  the  surface  of  the  wire,  and  was  not  gener- 
ated on  the  freshly  exposed  face.  This  view  was  confirmed  when  on 
substituting  oil  for  water  I  found  the  froth  just  the  same.  These 
observations  led  me  to  conclude  that  the  effect  was  due  to  hydrogen, 
and  not  to  acid,  as  Mr.  Johnson  appeared  to  think,  having  entered 
into  combination  with  the  iron  during  its  immersion  in  the  acid,  which 
hydrogen  gradually    passed   off    when    the    iron    was    exposed.      It 

*  A  paper  read  before  the  Manchester  Literary  and  Philosophical  Society.  Re 
printed  from  the  London  Engineer. 
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was  obvious,  however,  that  this  conclusion  was  capable  of  being 
further  tested.  It  was  clearly  possible  to  ascertain  whether  or  not 
the  gas  was  hydrogen,  and  whether  hydrogen  penetrated  iron  when 
under  the  action  of  acid.  With  a  view  to  do  this  I  made  tjie  follow- 
ing experiments. 

First,  however,  I  would  mention  that  after  twenty-four  hours  I 
examined  what  remained  of  the  wire,  when  I  found  that  all  appear- 
ance of  frothing  had  vanished  and  the  wire  had  recovered  its  duc- 
tility, so  much  so  that  it  would  now  bend  backwards  and  forwards 
two  or  three  times  without  breaking,  whereas  on  the  previous  evening 
a  single  bend  had  sufficed  to  break  it.  I  then  obtained  a  piece  of 
wrought  iron  gas  pipe,  6  inches  long  and  |  inch  external  diameter, 
and  rather  more  than  1-16  inch  thick ;  I  had  this  cleaned  in  a  lathe 
both  inside  and  outside ;  over  one  end  I  soldered  a  piece  of  copper  so 
as  to  stop  it,  and  the  other  I  connected  with  a  piece  of  glass  tube  by 
means  of  india-rubber  tubes.  I  then  filled  both  the  glass  and  iron 
tubes  with  olive  oil  and  immersed  the  iron  tube  in  diluted  sulphuric 
acid  which  had  been  mixed  for  some  time  and  was  cold.  Under  this 
arrangement  any  hydrogen  which  came  from  the  inside  of  the  glass 
tube  must  have  passed  through  the  iron.  After  the  iron  had  been  in 
acid  about  five  minutes  small  bubbles  began  to  pass  up  the  glass  tube. 
These  were  caught  at  the  top  and  were  subsequently  burnt  and  proved 
to  be  hydrogen.  At  first,  however,  they  came  off  but  very  slowly, 
and  it  was  several  hours  before  I  had  collected  enough  to  burn.  With 
a  view  to  increase  the  speed  I  changed  the  acid  several  times  without 
much  effect  until  I  happened  to  use  some  acid  which  had  only  just 
been  diluted  and  was  warm ;  then  the  gas  came  off  twenty  or  thirty 
times  as  fast  as  it  had  previously  done.  I  then  put  a  lamp  under  the 
bath  and  measured  the  rate  at  which  the  gas  came  off,  and  I  found 
that  when  the  acid  was  on  the  point  of  boiling  as  much  hydrogen  was 
given  off  in  five  seconds  as  had  previously  come  off  in  ten  minutes, 
and  the  rate  was  maintained  in  both  cases  for  several  hours.  After 
having  been  in  acid  some  time  the  tube  was  taken  out,  well  washed 
with  cold  water  and  soap  so  as  to  remove  all  trace  of  the  acid ;  it  was 
then  plunged  into  a  bath  of  hot  water,  upon  which  gas  came  off  so 
rapidly  from  both  the  outside  and  inside  of  the  tube  as  to  give  the 
appearance  of  the  action  of  strong  acid.  This  action  lasted  for  some 
time,  but  gradually  diminished.  It  could  be  stopped  at  any  time  by 
the  substitution  of  cold  water  in  place  of  the  hot,  and  it  was  renewed 
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again  after  several  hours  by  again  putting  the  tube  in  hot  water. 
The  volume  of  hydrogen  which  was  thus  given  off  by  the  tube  after 
it  had  been  taken  out  of  hot  acid  was  about  equal  to  the  volume  of 
the  iron.  At  the  time  I  made  these  experiments  I  was  not  aware 
that  there  had  been  any  previous  experiments  on  the  subject ;  but  I 
subsequently  found,  on  referring  to  Watts'  "  Dictionary  of  Chemis- 
try," that  Cailletet  had  in  1868  discovered  that  hydrogen  would  pass 
into  an  iron  vessel  immersed  in  sulphuric  acid.  See  Oomp.  Rend. 
Ixvi.,  847.  The  facts  thus  established  appear  to  aflford  a  complete 
explanation  of  the  eflFects  observed  by  Mr.  Johnson. 

In  the  first  place,  with  regard  to  the  temporary  character  of  the 
efi"ect,  it  appears  that  the  hydrogen  leaves  the  iron  slowly  even  at 
ordinary  temperatures — so  much  so  that  after  two  or  three  days'  ex- 
posure I  found  no  hydrogen  given  off  when  the  tube  was  immersed  in 
hot  water.  With  regard  to  the  effect  of  warming  the  wire — at  the 
temperature  of  boiling  the  hydrogen  passed  off  120  times  as  fast  as 
at  the  temperature  of  60  deg.  Also  when  the  saturated  iron  was 
plunged  into  warm  water  the  gas  passed  off  as  if  the  iron  had  been 
plunged  into  strong  acid ;  so  that  we  can  easily  understand  how  the 
hydrogen  would  pass  off  from  the  wire  quickly  when  warm,  although 
it  would  take  long  to  do  so  at  the  ordinary  temperatures.  With  re- 
gard to  the  frothing  of  the  wire  when  broken  and  wetted,  this  was 
not  due,  as  at  first  sight  it  appeared  to  be,  simply  to  the  exposure  of 
the  interior  of  the  wire,  but  was  due  to  warmth  caused  in  the  wire  by 
the  act  of  breaking.  This  was  proved  by  the  fact  that  the  froth  ap- 
peared on  the  sides  of  the  wire  in  the  immediate  neighborhood  of  the 
fracture,  when  these  were  wetted,  as  well  as  the  end;  and  by  simply 
bending  the  wire  it  could  be  made  to  froth  at  the  point  where  it  was 
bent.  As  to  the  effect  on  the  nature  and  strength  of  the  iron,  I  can- 
not add  anything  to  what  Mr.  Johnson  has  already  observed.  The 
question,  however,  appears  to  be  one  of  very  considerable  importance, 
both  philosophically  and  in  connection  with  the  use  of  iron  in  the 
construction  of  ships  and  boilers.  If,  as  is  probable,  the  saturation 
of  iron  with  hydrogen  takes  place  whenever  oxidation  goes  on  in 
water,  then  the  iron  of  boilers  and  ships  may  at  times  be  changed  in 
character  and  rendered  brittle  in  the  same  manner  as  Mr.  Johnson's 
wire,  and  this,  whether  it  can  be  prevented  or  not,  is  at  least  an  im- 
portant point  to  know,  and  would  repay  a  further  investigation  of  the 
subject.  , 
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Hall  of  the  Institute,  Jan.  20th,  1875. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Mr.  Coleman  Sellers,  in  the  chair. 

The  minutes  of  the  last  stated  meeting,  as  likewise*  those  of  the 
special  meeting  held  Wednesday,  December  23d,  1874,  were  read 
and  approved. 

The  Secretary  then  read  the  following 

Report  of  the  Board  of  Managers  of  the  Franklin  Institute 

OF  THE  State  of  Pennsylvania,  for  the  Promotion  of 

THE  Mechanic  Arts,  for  the  year  187-i. 

Your  Board  report  that  during  the  year  just  passed  453  names 

have  been  added  to  the  list  of  members,  while  but  11  resignations  have 

been  accepted,  making  an  addition  of  four  hundred  and  forty-two 

(442).  an  increase   of  382   greater  than  during  the  3'ear  1873.     Of 

these  nine  (9)  have  purchased  first-class   stock,  fifty-six   (5G)   have 

purchased   second-class   stock,  and   six   have   become   life   members. 

This  increase  was  due  mainly  to  the  recent  exhibition,  and  partly  to 
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exertions  made  by  your  Board  to  induce  others  than  residents  of 
Phihidelphia  to  become  members  of  our  old  and  useful  Institute.  For 
the  first  time  in  many  years  a  balance  of  any  considerable  amount 
stands  to  the  credit  of  the  Institute.  The  Treasurer's  report  tells  us 
that  the 

Balance  on  hand  Jan.  1st,  1874,  was  $1,696-52 

Receipts  during  the  year,     .  .  112,408-59 


Total,  .  .  .  $114,105-11 

Payments  during  the  year,  .  .  52,769-02 


Leaving  a  balance  on  hand  of           .  $61,336-09 

The  Treasurer  has  furnished  your  Board  with   a   statement  of  the 

indebtedness  of  the  Institute,  which   amounts   to  about  $21,837-07. 

The  means  to  meet  said  indebtedness,  January  1st,  1875,  were  as 
follows : 

U.  S.  6  per  cent.  Loan,         .              .  $6,000'00 

Cash  on  Hand,         .             .             .  61,33609 


$67,336-09 
The  above  means  do  not  include  the  value  of  the  Hall,  Library, 

and  collection  of  the  Institute. 

The  Committee  on  Publication  make  the  gratifying  statement  that 

the  Journal  of  the  Institute  has  this  year  cleared  its  expenses, 

although  in  such  expenses  have   been   estimated   the   salary   of    the 

editor  for  part  of  the  year. 

Additions  have  been  made  to  the  library  of 

Bound  Volumes,      ....  77 
Unbound,    including   Journals,    Pamphlets, 

Proceedings  of  Societies,  etc.,      .              .  123 

British  Patent  Specifications,  estimated,      .  100 

Total,  ....  300 

The  drawing  school,  during  the  spring  term,  was  under  the  charge 
of  Prof.  Alfred  C.  Wernicke,  and  was  attended  by  seventy-six  pupils. 
During  the  summer  it  was  found  that  the  services  of  Prof.  L.  M. 
Haupt  could  be  secured,  and  the  drawing  school  arranged  in  classes 
under  competent  assistants.    This  plan  has  proved  very  advantageous, 
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and  the  attendance  during  the  fall  term  was  increased  to  one  hundred 
and  thirty-two  (132)  pupils. 

In  last  year's  report  allusion  was  made  to  gentlemen  who  vol- 
unteered as  lecturers,  i.  e.,  who  gave  their  services  for  the  good  of 
the  Institute,  and  their  names  were  mentioned  in  the  yearly  report. 
The  list  in  the  fall  course  was  headed  by  Prof.  Robert  E.  Rogers, 
M.  D.,  as  a  volunteer,  and  during  the  term  of  1874-75.  Dr.  Henry 
Leffman,  Mr.  S.  Lloyd  Wiegand,  Mr.  J.  B.  Knight,  and  Mr.  Robert 
Grimshaw  also  are  in  the  list  of  volunteers.  Valuable  lectures  were 
delivered  by  Prof,  E.  J.  Houston,  and  Prof.  Harrison  Allen  is  yet  to 
lecture. 

The  important  event  of  the  year  was  the  holding  of  the  twenty- 
seventh  exhibition  of  the  Institute.  In  order  that  a  statement  of  this 
event  could  be  presented  to  you  in  a  succinct  form  the  chairman  of 
the  Committee  on  Exhibition,  Mr.  Wm.  P.  Tatham,  was  requested  to 
draw  up  a  report,  which  was  accepted  by  the  Board  of  Managers  and 
ordered  to  be  made  a  part  of  this  report.     It  is  as  follows : 

To  the  Board  of  Managers  of  the  Franklin  Institute  : 

The  Committee  on  Exhibitions,  which,  under  existing  By-Laws,  is 
a  Committee  of  your  body,  respectfully  report : 

Tiiat  the  Exhibition  of  1874,  held  to  celebrate  the  Fiftieth 
year  of  the  Foundation  of  the  Institute,  proved  worthy  of  the  occa- 
sion, whether  its  success  be  tested  by  the  number  and  excellence  of 
the  articles  exhibited,  the  large  concourse  of  visitors,  the  instruction 
and  gratification  it  afforded  to  the  community,  or  by  the  pecuniary 
results. 

The  first  movement  towards  the  Exhibition  was  at  the  stated  meet- 
ing of  the  Institute  held  February  18,  1874,  when,  on  motion  of  Mr. 
G.  Morgan  Eldridge,  the  subject  was  referred  to  the  Committee  on 
Exhibitions. 

The  Committee  lost' no  time  in  addressing  a  letter  to  J.  E(l<i-ar 
Thompson,  Esq.,  late  President  of  the  Pennsylvania  Railroad 
Company,  making  an  application  for  the  use  of  their  depot  on  Market 
Street,  between  Thirteenth  and  Juniper  Streets,  for  the  purpose  of 
an  Exhibition.  This  application  having  been  laid  before  the  Board 
of  Directors,  and  favorably  entertained  by  it,  the  President  (Mr. 
Tiiompson)  was  authorized  to  act,  which  he  did  by  the  letter  of  his 
assistant,  Strickland  Kneass,  Esq.,  dated  the  17th  of  March,  placing 
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the  depot  at  our  disposal  during  the  months  of  September  and  Octo- 
ber, 1874.  Thus,  by  the  exercise  of  the  greatest  liberality  on  the 
part  of  the  Pennsylvania  Railroad  Company,  the  Institute  had,  for 
the  first  time  for  many  years,  the  opportunity  of  holding  an  Exhibi- 
tion under  promising  conditions. 

At  the  stated  meeting  of  the  Institute  held  the  18th  of  Marcli, 
resolutions  were  adopted,  requesting  the  Board  of  Managers  to  hold 
an  Exhibition,  and  to  secure  a  guarantee  fund  to  indemnify  the  Insti- 
tute against  loss.  This  condition  having  been  fulfilled,  public  an- 
nouncement was  made  upon  the  14th  of  April,  that  the  Exhibition 
would  be  held  from  the  6th  to  the  31st  of  October,  thus  allowing 
thirty-five  days  for  the  transformation  of  the  building  and  prepara- 
tion for  the  Exhibition,  and  twenty-six  days  for  the  Exhibition  itself. 

Your  Committee,  before  this  time,  had  been  strengthened  by  adding 
to  it  all  the  members  of  the  Board  of  Managers,  and  the  assistance 
of  the  Institute  at  large  was  invoked,  resulting  in  the  appointment  by 
the  President  of  one  hundred  members,  for  the  purpose  of  forming 
Committees  on  the  various  classes  of  Exhibits.  Some  of  these  gen- 
tlemen were  appointed  upon  the  standing  sub-committees,  and  acted 
with  the  greatest  ability,  zeal  and  usefulness.  The  Class  Committees 
were  composed,  when  possible,  of  members  associated  with  the  various 
trades  and  industries.  It  was  made  their  duty  to  stimulate  exhibitors 
in  their  respective  classes,  and  thus  to  induce  an  Exhibition  which 
would  command  the  public  attention  and  secure  success. 

These  Committees  were  also  requested  to  nominate  the  Judges  in 
their  respective  classes.  It  is  believed  that  the  policy  thus  adopted 
for  the  first  time,  had  a  large  influence  upon  the  ultimate  success  of 
the  Exhibition. 

The  Committees  on  Rules,  Transportation,  and  Publication  having 
completed  their  preparations,  a  pamphlet  containing  an  address  by 
the  Board  of  Managers,  with  the  necessary  information  and  the 
Rules  governing  the  Exhibition,  was  issued  upon  the  13th  of  May. 
The  duties  of  the  Committee  on  Space  then  began,  and  were  continued 
all  summer,  culminating  at  the  opening  of  the  Exhibition.  On  the 
1st  of  July,  Mr.  J.  B.  Knight,  who  had  been  actively  performing 
committee  work  as  a  member  of  the  Institute,  was  appointed  General 
Superintendent  of  the  Exhibition. 

The  Pennsylvania  Railroad  Company  had  conditionally  promised 
the  use  of  the  depot  from  the  first  of  September,  and  the  surveys  and 
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preliminary  arrangements  were  made  by  the  Sub-Committee  on 
Building  and  Machinery  to  accomplish  its  work  in  the  interval  of 
time  allowed  it.  But,  actually,  the  Company  abandoned  the  depot 
upon  the  19th  of  August,  and  we  were  placed  iu  possession  twelve 
days  before  the  time  specified.  The  advantage  thus  gained  was  never 
lost.  The  Sub-Committee  pushed  the  work  with  such  energy  that 
the  Exhibition  building  was  ready  to  receive  goods  about  the  1st  of 
September,  instead  of  the  14th,  as  advertised. 

The  Committee  had  been  led  to  expect  that  the  patent  boilers  to 
be  exhibited  would  be  sufficient  to  run  the  machinery  of  the  Exhibi- 
tion ;  but  it  became  apparent  towards  the  end  of  September  that  this 
reliance  would  fail,  and  arrangements  were  made  to  secure  other 
boilers,  which  were  placed  outside  of  the  building.  In  consequence 
of  this  disappointment,  the  steam-power  was  not  ready  until  the  day 
after  the  opening  of  the  Exhibition.  Considering,  however,  the  great 
number  of  Exhibits  and  the  unusual  number  of  machines  in  motion, 
the  general  preparation  of  this  Exhibition  was  unusually  prompt. 

The  Exhibition  was  opened  by  the  Governor  of  the  State  of  Penn- 
sylvania, upon  the  day  appointed,  and  attracted  the  sustained  atten- 
tion of  the  public  to  such  an  extent,  that  it  was  deemed  advisable  to 
continue  it  open  for  twelve  days  longer  than  was  originally  designed. 

The  principal  reasons  for  this  extension  (which  on  general  princi- 
ples should  be  avoided)  were,  that  the  great  crowds  of  visitors  made 
it  impossible  for  the  Judges  to  perform  their  duties  satisfactorily,  and 
the  same  cause  excluded  from  the  Exhibition  many  persons  who  had 
bought  tickets  of  admission,  over  12,000  of  which  were  outstanding 
in  the  hands  of  the  community  at  the  end  of  October. 

The  greatest  number  of  tickets  paid  for  and  unused,  at  any  one 
time,  was  31,973,  upon  the  20th  of  October. 

At  the  close  of  the  Exhibition  the  number  still  outstanding  was 
4120. 

The  whole  number  of  paying  visitors  was  267,638,  besides  mem- 
bers of  the  Institute,  their  ladies,  and  minors,  and  persons  admitted 
on  complimentary  tickets  issued  to  the  press  and  to  others  whose  lib- 
erality it  was  desired  to  recognize.  Making  due  allowance  for  these, 
it  may  be  said  that  the  Exhibition  was  visited  by  one-third  of  our  jjop- 
ulation.  The  number  of  applications  for  space  was  1528.  The 
number  of  entries  for  exhibition,  many  of  them  covering  numerous 
items  and  large  displays,  was  1251.     The  number  of  steam  boilers 
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in  operation  was  9,  of  316  horse-power  in  the  aggregate,  consuming 
267  tons  of  coal.  There  were  3  steam  engines  driving  shafting,  22 
driving  pumps,  and  11  driving  particular  machines.  The  whole  num- 
ber of  steam  engines  at  work,  or  in  motion,  was  46.  The  whole 
number  of  machines  in  motion  was  281. 

Some  of  the  displays  were  of  peculiar  excellence.  The  photo- 
graphs were  particularly  good,  and  would  class  strictly  with  the  fine 
arts ;  but  besides  these,  the  variety  and  beauty  of  the  chemicals  dis- 
played, the  wonder  working  of  the  sewing  machines,  the  brilliancy  of 
the  saws,  the  splendor  of  the  chandeliers,  the  rapidity  of  the  print- 
ing press,  the  precision  of  movement  of  the  machine  tools,  and  the 
truth  and  finish  of  the  paper  cylinders,  appealed  not  only  to  our  ap- 
preciation of  the  usefulness  of  these  exhibits,  but  in  addition  lent  to 
them  the  charms  and  influences  of  the  fine  arts 

As  a  further  testimony  to  the  excellence  of  the  exhibition,  it  ap- 
pears that  although  the  rule  upon  the  subject  of  premiums,  prepared 
by  the  proper  committee  and  adopted  by  the  Board  of  Managers,  was 
more  severe  than  usual,  the  premiums  awarded  under  it  were  more 
numerous  than  at  any  previous  exhibition;  being  201  silver  medals, 
228  bronze  medals,  and  222  certificates  of  honorable  mention,  in  all 
651,  while  many  subjects  were  recommended  to  the  Committee  on 
Science  and  the  Arts,  for  the  award  of  the  special  medals  of  the 
Institute. 

It  is  impossible  now  to  state  the  exact  financial  results  of  the  exhi- 
bition, because  some  bills  are  not  yet  adjusted,  and  some  expenses  are 
still  to  be  incurred.  We  received  for  entry  account,  pulley  account, 
and  sale  of  tickets,  ^91,947.61,  and  our  expenses  are  already 
$37,664.95,  and  it  is  estimated  they  will  reach  $39,775.95,  leaving 
the  sum  of  $52,171.66  as  net  profits.  It  is  proposed  to  publish  a 
full  report,  embracing  the  reports  of  the  judges  and  all  matters  con- 
nected with  the  Exhibition. 

The  results  of  our  efforts  prove  the  readiness  of  our  people  to 
visit  a  meritorious  Exhibition,  and  should  encourage  the  Managers  of 
the  great  Centennial  in  hoping  for  a  magnificent  success  to  their 
undertaking. 

It  remains  to  record  our  thanks  to  those  persons  whose  liberality,  or 
kindness  has  assisted  us  in  various  ways.  The  thanks  of  the  Insti- 
tute are  due  to  the  authorities  of  the  Pennsylvania  Railroad  Com- 
pany, whose  liberality  already  noticed  was  followed  by  repeated  acts 
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of  like  character  and  by  acquiescence  in  all  our  requests  ;  to  the 
subscribers  to  the  guarantee  fund,  who  afforded  us  the  first  encour- 
agement, a  like  acknowledgment  is  none  the  less  due,  because  the  result 
has  exempted  them  from  all  liability. 

We  owe  our  thanks  also  to  His  Honor,  the  Mayor  of  the  City,  for 
an  efficient  police  force  during  the  Exhibition,  and  to  all  the  Depart- 
ments of  the  City  government  to  whose  good  offices  we  were  indebted; 
to  the  Navy  Department  for  the  flags  used  in  decoration,  and  to 
the  Treasury  Department  for  the  deposit  of  the  life  boat  at  our 
request ;  to  Messrs.  Morris,  Tasker  &  Co.  for  the  liberal  use  of  their 
gas  pipes,  and  to  Messrs.  Wm.  C.  Allison  &  Sons  for  a  like  u--c  of 
steam  pipes,  to  the  American  Dredging  Co.  for  the  free  loan  of  a 
new  boiler,  and  to  Messrs.  I.  P.  Morris  &  Co.  for  a  like  favor. 

It  is  proper,  also,  to  thank  many  of  the  exhibitors  who  incurred 
considerable  expense  merely  to  serve  the  purposes  of  the  Exhibition. 
Among  these  were  Messrs.  Jacob  Naylor,  Andrew  Watson,  Neafie  & 
Levy,  and  Robert  Wetherill,  exhibitors  of  steam  engines;  ^Messrs. 
Wm.  Sellers  &  Co.  and  Geo.  V.  Cresson,  exhibitors  of  shafting ; 
Messrs.  Thomas  J.  Rorer,  Sellers  &  Bros.,  and  Alexander  Bros.,  ex- 
hibitors of  belts;  all  used  in  driving  the  machinery  of  the  Exhibition. 
Our  thanks  are  also  due  to  ^Ir.  Thomas  Shaw,  who  at  our 
suggestion  exhibited  a  much  larger  propeller  pump  and  cataract 
than  he  had  designed ;  to  Mr.  Charles  H.  Brown  for  a  pump  used  to 
supply  the  outside  boilers  ;  to  Messrs,  Dyott  &  Co.  for  the  liberal 
loan  of  street  and  door  lamps;  to  Messrs.  Cornelius  &  Sons, 
Baker,  Arnold  &  Co.,  Thackara,  Buck  &  Co.,  and  the  Amer- 
ican Reflector  Co.,  for  the  loan  of  gas  fixtures ;  to  Messrs. 
I.  P.  Morris  &  Co.,  who  at  our  request  built  the  fast  Bullock  printing 
press  and  engaged  to  carry  it  until  sold,  in  order  that  it  might  be 
placed  in  the  Exhibition  ;  to  the  judges  (not  necessarily  members  of 
the  Institute),  who  brought  to  their  delicate  tasks  a  special  knowledge 
of  the  subjects  committted  to  them,  and  performed  their  duties  witii 
the  greatest  integrity,  assiduity  and  judgment ;  and  finally,  to  the 
public  press,  which,  recognizing  the  public  nature  of  our  enterprise, 
was  a  faithful  interpreter  of  the  kind  feeling  of  the  community 
towards  us. 

The  labor  performed  by  the  sub-committees,  particularly  by  those 
upon  Building  and  Machinery,  and  upon  Space,  were  of  a  character 
which  it  would  be  impossible  to  buy. 
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The  officers  employed  in  the  Exhibition  performed  their  duties  with 
the  greatest  efficiency,  and  the  Committee  take  especial  pleasure  in  tes- 
tifying to  the  ability,  energy  and  tact  of  the  General  Superintendent. 

W.  P.  Tatham, 
Chairman  Committee  on  Exhibitions. 
Philadelphia,  Jan.  18,  1875. 

Your  Board  submit  with  this  report  an  official  statement  of  the 
awards  to  the  exhibitors  as  confirmed  by  them,  premising  the  list  by 
the  explanation  that  in  the  report  to  be  published,  which  will  embody 
the  reports  of  the  Judges,  much  valuable  matter  will  be  given,  and 
mention  will  be  made  of  all  articles  entered  in  competition,  many  of 
those  not  receiving  premiums  being  favorably  mentioned. 
All  of  which  is  respectfully  submitted. 
By  order  of  the  Board. 

Coleman  Sellers,  President. 


The  Report  of  the  Board  as  read  was  accepted,  and  ordered  to  be 
published  in  the  Journal. 

Mr.  S.  Lloyd  moved  that  the  publication  of  that  portion  of  the 
Report  referring  to  the  awards  be  withheld  from  the  public  press 
until  certain  matters  in  dispute  should  be  satisfactorily  adjusted,  and 
supported  the  motion  in  an  address,  setting  forth  his  reasons  therefor. 
The  motion  was  seconded  by  Mr.  Woodruff,  who  remarked  that  many 
of  the  dissatisfied  exhibitors  had  not  as  yet  had  the  opportunity  to 
enter  reclamation. 

The  motion  was  put  to  the  meeting  and  lost. 

The  Actuary  then  reported  the  minutes  of  the  Board  of  Managers, 
and  of  the  several  Standing  Committees.  He  also  reported  that  at 
the  stated  meeting  of  the  Board,  held  Wednesday,  the  13th  inst.,  the 
following  donations  to  the  Library  had  been  reported,  viz. : — 

Journal  of  the  Chemical  Society  for  August,  September  and  Octo- 
ber, 1874.     From  the  Society. 

Journal  of  the  Statistical  Society  for  September,  1874.  with  a 
General  fndex  to  Vols.  26  to  35,  1863  to  1872.     From  the  Society. 

The  Manchester  Steam  Users'  Association  for  the  Prevention  of 
Steam  Boiler  Explosions.  Chief  Engineer's  Monthly  Report  for 
September,  1874.     From  the  Association. 
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Proceedings  of  the  Scientific  Meetings  of  the  Zoological  Society  of 
London  for  the  A^ear  1874.     Parts  2  and  3.      From  the  Society. 

Proceedings  of  the  Royal  Institution  of  Great  Britain,  Vol.  7, 
Parts  3  and  4.     From  the  Institution. 

Annales  des  Ponts  et  Chaussdes  for  September,  1874.  From  the 
Editor.      Paris. 

Annales  de  Chimie  et  de  Physique  for  September,  1874.  From  the 
Editor.     Paris. 

Bulletin  de  la  Socidt^  d'Encouragement  pour  I'lndustrie  Nationale, 
Vol.  1,  Nos.  9-10.     From  the  Society. 

Remarks  to  accompany  Monthly  Charts  of  Meteorological  Data 
for  Square  3.     From  the  Meteorological  Office.     London. 

Quarterly  Weather  Reports  of  the  Meteorological  Office.  Part  4, 
October  to  December,  1871.  Part  B,  July  to  September,  1873. 
From  the  Meteorological  Office. 

Charts  of  Meteorological  Data  for  Square  3,  Lat.  0°  to  10°  N., 
Long.20°  to  30°  W.     From  the  Meteorological  Office. 

Report  of  the  Commissioner  of  Education  for  1873.  Washington, 
1874.     From  the  Commissioner. 

Monthly  Notices  of  the  Royal  Astronomical  Society,  Vol.  35,  No. 
1,  November,  1874.     From  the  Society.     London. 

Annales  de  Chimie  et  de  Physique  for  October  and  November, 
1874.     From  the  Editor.     Paris. 

Bulletin  de  la  Socidt^  d'Encouragement  pour  I'lndustrie  Nationale 
for  November,  1874.     From  the  Society.     Paris. 

Publishers'  Trade  List  Annual,  embracing  the  full  Trade  Lists  of 
American  Publishers.     From  J.  B.  Lippincott  &  Co.     Philadelphia. 

Forty-first  Annual  Report  of  the  Royal  Cornwall  Polytechnic  So- 
ciety, 1873.     From  the  Society. 

Smithsonian  Contributions  to  Knowledge  281,  on  the  General  In- 
tegrals of  Planetary  Motion.  By  Simon  Newcomb,  Professor  of 
Mathematics,  U.  S.  N.     From  the  Smithsonian  Institution. 

Treatise  on  Elements  of  Mechanics.  By  John  W.  Nystrom,  C.  E. 
From  the  Author. 

On  the  Diurnal  Inequalities  of  the  Barometer  and  Thermometer. 
By  W.  W.  Rundell,  F.  M.  S.     From  the  Author. 

Dr.  Robert  E.  Rogers,  as  Chairman  of  the  Special  Committee  to 
prepare  a  suitable  testimonial  to  the  Pennsylvania  Railroad  Company, 
in  acknowledgment  of  their  kind  offices  in  placing  the  Freight  Depot 
at  Thirteenth  and  Market  Streets  at  the  disposition  of  the  Institute 
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for  Exhibition  purposes,  presented  the  following  preamble  and  reso- 
lutions, which,  on  motion,  were  unanimously  adopted,  viz. : 

Whereas,  Tlie  Franklin  Institute,  recognizing  tho  great  progress 
made  in  the  Mechanic  Arts  since  the  holding  of  the  last  Exhibition 
in  1858,  and  feeling  impressed  with  the  importance  of  having  an  Ex- 
hibition during  the  autumn  just  passed,  not  only  for  the  immediate 
benefit  expected  to  the  Institute  and  to  the  communityat  large,  but 
also  as  a  preparation  for  greater  results  at  the  Centennial,  was 
anxiously  seeking!;  a  building  suitable  for  such  an  Exhibition, 

And  wnEREAS,  The  Pennsylvania  Railroad  Company,  alive  to  the 
interests  of  the  City  and  the  State,  with  its  accustomed  public  spirit 
and  liberality,  placed  at  the  service  of  the  Institute  without  rent  or 
charge  of  any  kind,  their  spacious  Depot  Building  at  Thirteenth  and 
Market  Streets, 

And  WHEREAS,  Without  such  liberality  the  Institute  could  not 
have  held  its  recent  Exhibition ;  therefore, 

Resolved,  That  the  cordial  thanks  of  the  Franklin  Institute  be  ten- 
dered to  the  President  and  Board  of  Directors  of  the  Pennsylvania 
Railroad  Company  for  this  act  of  generous  kindness,  which  has  ena- 
bled the  Institute  to  hold  an  Exhibition  surpassing  in  attractiveness 
and  success  any  it  has  held  in  previous  years. 

Resolved.  That  the  Institute  will  ever  hold  in  grateful  recognition 
the  cordial  sympathy  manifested  by  the  Pennsylvania  Railroad  Com- 
pany in  the  great  interests  which  the  Franklin  Institute  represents. 

Resolved,  That  the  Institute  desires  to  express  its  thanks  also  to 
the  subordinate  officers  of  the  Pennsylvania  Railroad  Co.  for  the 
cheerful  co-operation  which  it  has  received  at  their  hands. 

R.  E.  Rogers  (Ch.),  Coleman  Sellers, 

W.  P.  Tatham,  Chas.  S.  Close, 

J.  B.  Knight,  Hector  Ore,  Committee. 

Mr.  J.  W.  Nystrom,  on  behalf  of  the  Committee  on  New  Site  and 
Building,  reported  progress.  The  report  of  the  Secretary  was,  on 
motion,  passed  over. 

Under  the  head  of  deferred  business,  the  resolution  of  Mr.  Shaw 
to  appoint  a  committee  of  appeal  to  hear  and  adjust  disputed  matters 
growing  out  of  the  awards  made  at  the  late  exhibition  ;  and  likewise, 
the  amendment  of  Mr.  Burleigh,  to  refer  the  subject  to  arbitration 
before   the    Committee   on   Science   and   Arts,    both   of   which   were 
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postponed  from  the  last  stated  meeting,  Avere  called  up  for  considera- 
tion. 

Mr.  Shaw  urged  the  passage  of  the  resolution  as  offering  the  only 
satisfactory  solution  of  existing  difficulties,  and  employing  substan- 
tially the  same  arguments  as  those  advanced  at  the  previous  meeting. 

Mr.  William  P.  Tathara  deprecated  any  further  agitation  of  the 
subject.  He  spoke  earnestly  against  the  resolution,  dwelling  upon 
the  patient  labor  that  had  been  bestoAved  upon  the  reports  of  the 
Judges  by  the  Board,  and  of  the  impossibility  of  satisfying  every  one 
in  an  enterprise  of  the  magnitude  of  the  late  exhibition, 

Mr.  Hector  Orr  spoke  of  the  inutility  of  handing  the  subject  over 
to  the  Committee  on  Science  and  Arts.  The  amendment  of  Mr. 
Burleigh  to  so  refer  the  resolution  was  then  put  to  vote,  and  lost. 

Mr.  Orr  then  offered  the  following  amendment  to  the  resolution, 
viz.: — 

Whereas,  Certain  complaints  have  bi'en  offered  against  the  awards 
and  decisions  of  the  proper  authorities  of  the  late  Industrial  Exhibi- 
tion held  by  the  Franklin  Institute, 

And  Wiiereas,  The  ascertainment  and  correction  of  said  griev- 
ances are  alike  the  duty  and  interest  of  the  Institute,  therefore 

Resolved,  That  a  committee  of  members  be  appointed  to  hear  the 
above  charges  and  report  thereon  to  the  Institute  as  early  as  possible, 
provided  that  no  Manager,  nor  Judge,  nor  any  complaining  depositor 
shall  be  eligible  to  serve  on  said  Committee,  but  all  these  excluded 
classes  shall  bo  entitled  and  invited  to  testify  before  said  Committee 
upon  the  subjects  involved. 

The  amendment  was  discussed  by  Messrs.  Shaw,  Gray,  Close  and 
the  mover,  and  on  being  put  to  the  house  was  lost. 

Mr.  Frederick  Fraley  next  addressed  the  meeting  in  opposition  to 
Mr.  Shaw's  resolution,  which  he  characterized  as  being  entirely  with- 
out precedent,  and  revolutionary  in  its  character.  He  moved  the 
previous  question,  which  being  duly  seconded  was  put  to  vote  and 
ordered.     The  resolution  was  lost. 

A  communication  of  Mr,  Gravenstinc  was  then  called  up  under 
deferred  business,  but  was  withdrawn. 

Mr.  William  B.  LcVan,  under  new  business,  offered  the  accompa- 
nying amendments  to  the  By-Laws,  which  in  accordance  with  Article 
XVI.,  were  laid  over  until  the  stated  meeting  of  February,  viz.  : 

Resolved,  That  Section  3,  Article  5,  of  the  By-Laws  be  amended 
by  changing  the  hour  of  opening  the  polls  from  4  o'clock  to  3  o'clock 
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P.  M.,  and  the  hour  of  closing  the  polls  from  8  o'cock  to  9  o'clock 
P.  M. 

Resolved,  That  Section  1  of  Article  5  of  the  By-Laws  be  amended 
by  adding  to  the  first  sentence  the  following:  "And  provided  further 
that  no  member  shall  be  eligible  for  re-election  as  a  IManager  or  Vice 
President,  for  the  period  of  one  year  after  his  term  of  office  has 
expired," 

Mr.  Thomas  Shaw  then  moved  that  a  committee  be  appointed  to 
prepare  and  submit  to  the  Institute  the  draft  of  a  section  to  the  By- 
Laws  making  provision  for  a  Board  of  Appeal  for  the  adjustment  of 
difficulties  growing  out  of  the  exhibitions  of  the  Institute. 

Mr.  Lippman  amended  the  resolution  by  the  clause,  "that  five 
members  be  appointed  by  the  meeting,  who,  in  conjunction  with  a 
similar  committee  from  the  Board  of  Manacjers,  shall  consider  the 
expediency  of  revising  or  amending  the  modes,  rules  and  regulations 
governing  awards,  and  report  to  the  Institute  upon  the  system  which 
they  shall  deem  the  most  perfect." 

The  amendment  and  resolution  were  respectively  put  to  vote  and 
lost. 

Mr.  Sellers  then  resigned  his  seat  to  the  senior  Vice-President, 
Mr.  Bloomfield  H.  Moore,  and  after  calling  attention  to  the  some- 
what  dilapidated  condition  of  the  chair  which  he,  as  well  as  numerous 
predecessors,  had  so  long  occupied,  moved  that  the  proper  authorities 
be  directed  to  purchase  a  new  one  for  the  incoming  President. 
Carried. 

Mr.  B.  H.  Moore  next  occupied  the  floor  eulogizing  the  services  of 
a  number  of  gentlemen  who  were  active  in  contributing  to  the  suc- 
cess of  the  late  exhibition.     He  offered  the  following  resolution  : 

Resolved,  That  the  thanks  of  the  Institute  be  tendered  to  Messrs. 
Tatham,  Close,  Knight,  Bullock,  Sartain,  and  others,  for  their  ser- 
vices in  behalf  of  the  Exhibition.     Carried. 

The  judges  of  the  election  next  announced  the  result  of  the  ballot- 
ing for  officers,  whereupon  the  President  declared  the  following  gen- 
tlemen to  have  been  elected  to  the  offices  opposite  their  names,  viz  : 

President,  Professor  Robert  E.  Rogers. 

Vice-President,  Charles  S.  Close. 

Secretary,  J.  B.  Knight. 

Treasurer^  Frederick  Fraley. 
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Managers  to  serve  three  years,  Coleman  Sellers,  William  P.  Tatham, 
Washington  Jones,  Plinj  E.  Chase,  J.  M.  Wilson,  Dr.  Isaac  Norris, 
Jr.,  George  F.  Barker,  Theodore  D.  Rand. 

Manager  to  serve  two  years,  Alexander  Purves. 

Auditor,  James  H.  Cresson. 

A  motion  was  made,  and  unanimously  carried,  that  the  thanks  of 
the  Institute  be  tendered  to  Mr.  Coleman  Sellers,  the  retiring  Presi- 
dent, for  the  eflBcient  and  satisfactory  manner  in  which  he  had  pre- 
sided over  the   meetings  of  the  Institute,   during  his  term  of  office. 

A  vote  of  thanks  to  the  other  retiring  officers,  was  also  unani- 
mously carried. 

Whereupon  the  meeting  adjourned. 

William  IL  Wahl,  Secretary. 
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1. — Agricultural  Implements. 

SILVEll    MEDAL. 

353  .  Graham,  Emlen  &  Passmorc,  Philadelphia,  The  Phihulelphia  Lawn  Mower. 
981     Samuel  L.  Allen  &  Co.,  "  The  Planet  Drill  &  Wheel  Hoe. 

BRONZE    MEHAI.. 

'.)4     Wni.  L.  lioyer  &  Brc,  Philadelphia,  Burt's  Union  Ilaihvay  Horse  Power. 

HONOKABLE    MENTION. 

254     B.  Gill  &  Sons,  Trenton,  N.  J.,  Rye  Thresher. 

706     John  M.  Hess,  Philadelphia,  Pat.  Self-Watering  Hanging  Basket. 

II. — Agricultural  Productions. 

SILVER    MEDAL. 

522     Duryea  Glen  Cove  Starch  Co.,  New  York,    Improved  Corn  Starch. 

20     Duryea  Glen  Cove  Starch  Co.,  New  York.    Satin  Gloss  Starch. 
489     C.  J.  Fell  &  Bro.,  IMiiladelphia,  Spices  and  Mustard. 

HRONZE    MEDAL. 

78     Lagomarsino  &  Cuneo,  Phihulelphia,  Maccaroni,  Verm'li  &  Fancy  Paste. 

6G9     E.  M.  Dexter,   IMiiladelphia,  Ornamental  (confectionery. 

237  G.  Boyd,  Philadelphia,  Grubb's  .Vroma  Coffee  Cooler. 

238  "  "  Aroma  Coffee  Roaster. 
1402     H.  Troemner,  Philadelphia,                           Coffee  Mill. 

20'J     Mrs.  .Joshua  Wright,  Philadelphia,  Mince  Meat. 

410     D.  Carrick  &  Co.,  "  Crackers,  Cakes  and  Biscuits. 

t)t54     Theo.  Wilson  &  Co.,  "  Crackers  and  Cakes. 

740     Godfrey  Keebler,  "  Cakes  and  Crackers. 

946     Woodward,  Garrett  &  Co.,    Philadclpliia. 

for  Ed w.  Holbrook,  M'f  r,  Loui.-^ville,  Ky.,  Manufactured  Tobacco. 
267     S.  Fuguet  &  Sons.  Philadelphia,  Seidenberg  &  Co's,KeyWest,  Havana 

Cigars. 
1454     Frishmuth,  Bro.  &  Co  ,  Philadelphia.  Fine  Cut  Tobacco,  "  I  uxury." 
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HONORABLE    MENTION. 

270     Atmore  &  Sons,  "  Plum  Puddings. 

1309     John  A.  Place,  Phila.,  for  F.  E.  Smith  Co., 

Manufticturer,  New  York,  Crushed  White  "Wheat. 

980     Lagomarsino  &  Cuneo,  Philadelphia,  Farina. 

/// — Arms  and  Military  Goods. 

BRONZE    MEDAL. 

951     Wm.  Wurflein,  Philadelphia,  Creedmore  or  Parlor  Rifle. 

HONORABLE    MENTION. 

1019     John  Krider,  Philadelphia,  Guns  and  Sporting  Instruments 

IV. — Boohs  and  Statio7iery, 

SILVER    MEDAL. 

742  J.  B.  Lippincott  &  Co.,  Blank  Books  and  General  Binding. 

743  Byron  Weston,  Dalton,  Mass.;  J.  Shoema- 

niaker.  Agent,  Linen  Ledger  and  Record  Paper. 

39     Jos.  E.  Hover  &  Co.,  Philadelphia,  Chemical  Writing  Fluids. 

699     Wm.  F.  Murphy's  Sons,         "  Blank  and  Copying  Books. 

1493     Wni.  Mann,  "  Copying  Paper. 

BRONZE    MEDAL. 

331  Crane  Bros.,  Westfield.  l\Iass.,  Various  articles  m'fdfr.  Paper  Pulp. 

912  Jno.  E.  Potter  &  Co.,  Philadelphia,  Potter's  CompleteBible  Encyclopedia. 

455  Ig.  Kohler,  "  Book  Binding. 

644  Esterbrook  Steel  Pen  Co  ,  Camden,  N.  J.,     Steel  Pens. 

686  Porter  &  Coates,  Philadelphia,  Book  Binding. 

1512  J.  B.  Lippincott  &  Co.,  Philadelphia,  Book  Printing. 

803  Fry's  Engraving  Oifice,  "  Book  Binders'  Tools  and  Dies. 

44  Altemus  &  Co.,  "  Photograph  Albums. 

1003  Geo.  W.  WooUey,  "  Pat.  Reservoir  Pen. 

HONORABLE    MENTION. 

264  Lipman  Manufacturing  Co.,  Philadelphia,  Hover's  Carbonized  Writing  Paper. 

941  John  E.  Potter  &  Co.,  "  Brown's  Self-Interpreting  Bible. 

943         ii  "  "  Blackwood's  Comprehensive  Bible. 

403  T.  Ellwood  Zell,  "  Books  of  Reference. 

819  A.  J.  Holman  &  Co.,  "  lUus.  Fam.  Bibles  &  Photo.  Albums. 

861  Chas.  Magarge  &  Co.,  "  Jessup    &    Laflin's   Writing   Paper, 

(Westfield,  Mass.) 

1354  Louis  Dreka,  "  Dictionary  Blotter. 

205  Lipman  Manufacturing  Co.,  "  Lipman's  Pat.  Eyelet  Machine. 

V. — Boots  and  Shoes. 

SILVER    MEDAL. 

803     C.  Benkert  &  Son,  Philadelphia,  Gents'  Hand-made  Boots  and  Shoes. 

BRONZE  MEDAL. 

2     Thos.  R.  Evans,  Philadelphia,  American  Gaiter. 

983     Sailer,  Lewin  &  Co.,         "  Machine-made  Boots  and  Shoes. 

184     M.  A   Er.skine  &  Co.,       "  Ladies' Hand-made  Boots  and  Shoes. 

1021      Royal  &  Heed,  "  Ladies',     Misses',    and     Children's 

Machine-made  Boots  and  Shoes. 
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HONORABLE  MENTION. 

207  Wm.  F.  Bartlett,  Philadelphia,  Gents'  Boots  and  Shoes. 

483     Porous  Waterproofing  Co.,  Philadelphia,      Water  Proof  Boots  and  Shoes. 

936     Wm.  G.  Schoell,  "  Hand-made  Seamless  Boots  &  Shoes. 

1484     A.  C    McKnight,  "  Water  Repellant  Boots  and  Shoes. 

1236     Allen,  Gates  &  Bro.,  "  Ladies'  Machine  Sewed  Lined  Boots 

and  Shoes. 

VI.  —  Cabinet  Ware  and  Uphohteri/. 

SILVER  MEDAL. 

411  Hale,  Kilburn  &  Co.,  Philadelphia,  E.  E.  Everett's  Pat   Fold.  Bedstead. 

208  Jas.  S.  Earle  &  Sons,  "  Mirrors,  Picture  Frames,  etc. 
21'.t  Jos.  W.  Cooper,  "  Fancy  Walnut  Brackets,  etc. 
524  Allen  Bro's,                           "  Parlor  Furniture,  etc. 

BRONZE  MET)AL. 

336  Fred.  Boland,  Pliiladelphia,  Mirrors  and  Picture  Frames. 

2-j2  J.  A.  Bancroft  &  Co.,  Philadelphia,  Imp.  Rever.  Settee.  T.  J.  Close,  Pat. 

521  R.  W.  P.  Golf,  "  Fancy  Walnut  Brackets,  etc. 

311  Cbas.  W.  O'Hara,  "  Comfortable  Chair. 

415  A.  Lowe  &  Co.,  "  Mirror  and  Picture  Frames,  etc. 

745  Hutchins  &  Mabbett,  "  Gardner's  Pat.  3  ply  Veneer  Chairs. 

1352  Thos.  Potter,  Sons  &.  Co.,      "  Knapp's  Spring  Balance  Roller. 

410  Hale,  Kilburn  &  Co.,  "  Pat.  Flexible  Wood  Seat  Chair. 

414  Killjurn  &  Gates,  "  Cottage  Furniture. 

549  H.  B.  Coyle,  "  Centennial  Iron  Bedsteail. 

61  Samuel  McCracken,  "  Inlaid  Centre  Tables. 

879  Cyrus  Home,  "  Burial  Casket. 

3  \V.  B.  Coates,  "  Convertible  Folding  Lounge. 

IKINORAIil.K   MENTION. 

412  Hale,  Kilburn  &  Co.,  Philadelphia.  H.  W.  Curtis,  Pat.,  AValnut  Mats  for 

Picture  Frames. 

201     Salem    Shade   Roller  Mfg.  Co..  exhibited 

by  E.  S.  Johnston,  Window  Shade  Balance  Spring  Roll- 

er Attachment. 

149     C.  Fascr,  Philadelphia,  Gilt  Frame  Mirror,  fine  finish. 

175     Carrington.  UeZouclie  &  Co.,  Philadelphia,  Handsome  Display  of  Curtains. 

188     W.  Heacock,  Philadcli>hia,  Fine  Finish  of  Furniture. 

413  Hale,  Kilburn  &  Co.,  Philadelphia,  Walnut  Looking  Glass  and  Picture 

Frames. 
125     Walter  &  Stoeltz,  Philadelphia,  Show  Case. 

433     G.  J.  &  J.  A.  Henkels,  Philadelphia,  Design  and  Fine  Finish  of  Chamber 

Furniture. 
G89     Jno.  McKinley,  "  Parlor  Furniture. 

638     S.  B.  Register,  Philadelphia,  Furniture. 

1426     James  Irons,  "  Show  Cases. 

VII. — Carpets,  Oil  Cloths,  and  Floor  Coverings. 

SILVER   MEUAL. 

1105     Bromley  Bro's,  Philadelphia,  Patent  Imperial    Damask  Venetian 

Carpets. 
400     Thos.  Potter,  Son  &  Co.,  Philadelphia,         Table  and  Enameled  Oil  Cloths. 

59     Reeve  L.  Knight  &  Son,  "  Display  of  Carpetsfrom  various  Mfrs. 

1257  "  "  "  A.  Smith  &  Son,  Axminster  Carpets. 

BRONZE    MEDAL. 

709     John  Bromley  &  Sons,  Philadelphia,  Ingrain  and  Damask  Carpels. 

HONORABLE    MENTION. 

516     G.  W.  Chipman  &  Co.,  Boston,  Mass.,  Carpet  Lining.*. 
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Franklin  Institute  Exhibition,  1874. 
VIII. — China,  Crlass,  and  Porcelain. 


SILVER    MEDAL. 


728     Ward  &  Co.,  Thiladelphia,  for  Lenox  Plate 


Glass  Co.,  Mass. 
J.  &  G.  H.  Gibson,  Philadelphia, 


Rough  Plate  Glass. 
Stained  Glass. 


BRONZE  MEDAL. 

Jas.  K.  Kerr  &  Bro's,  Philadelphia,  Decorations  on  China. 

J.  K.  Dunham,  Agent  for  Boston  k  Sand- 
wich Glass  Co.,  Glassware. 
AVhitall,  Tatum  &  Co.,  Philadelphia,           .  Glassware. 
S.  G.  Boughton,  Philadelphia,  Agent  for 

New  England  Glass  Co.,  Glassware. 

Dempsey  Wicker  Covered  Glassware  Co., 

Philadelphia,  Wicker  Covered  Bottles. 


HONORABLE  MENTION. 


J.  E.  Jeffords  &  Co.,  Philadelphia, 

AVm.  Ilolzer,  " 

Jas.  K.  Kerr  &  Bro's,  " 

Kartell  &  Letchworth,  " 

Cohansey  Glass  Co.,  " 

Richard  C.  Remmey,  " 


Yellow,  Rockingham,  Birmingham, 

and  Lava  Wares. 
Display  of  Glassware,  Medical  and 

Philosophical  Apparatus. 
Engraving  on  Glass. 
Sand  Blast  Glass  Work. 
Fruit  Jars. 
Chemical  Stone  Ware. 


IX.— Coach  Work. 

SILVER  MEDAL. 
1292) 

1293  >  Wm.  D.  Rogers  &  Co.,  Philadelphia,  Carriages. 

1294) 
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W.  Garner  &  Son, 
Fulton  &  Walker, 

Geo.  Lengert  &  Son, 
Harry  J.  Shill, 
Benezet  &  Co., 
Wm.  Bur  well  &  Bro.. 


Light  Business  Wagon. 

Omnibus. 

Express  Wagon. 

Truck  Wagon. 

Children's  Carriages. 

Coach,  Carriage,  and  Wagon  Spring 

Carriage  Mountings. 


BRONZE  MEDAL. 


Wm.  D.  Gardner,  Philadelphia, 
S.  P.  Campbell  &  Co., 
W.  &  H.  Rowland, 


Carriages. 

Children's  Carriages. 

Coach,  Carriage,  and  Wagon  Springs. 


HONORABLE  MENTION. 


S.  W.  Jacobs  &  Son,  Philadelphia, 

Jas.  Fleming,  " 

Weaver  &  Lylc,  " 

Geo.  K.  Childs, 

McLear  &  Kendall.  " 

CoUings  Bros.,  "    . 

George  Ticl,  " 

The  Phila.  Axle  Works,      " 

Advena  &  Tleald,  " 

Hoopes  Bro's  &  Darlington, 

Iloopes  Bro's  &  Darlington,  West  Chester, 

W.  Garner  &  Son,  Philadelphia, 

S.  D.  Mott,  Milford,  Pa., 


Carriages. 
Carriages. 
No -top  Wagon. 
One-man  Wagon. 
Carriages. 
Carriages. 
Child's  Sleigh. 
Carriage  and  Wagon  Axles. 
Carriage  and  Wagon  Axles. 
Carriage  and  Wagon  Wheels. 
Pa.,  Bent  Carriage  Material. 
Iland-made  Wheels. 
Pat.  Guiding  Attachment  for  CotiBt- 
ing  Sleigh. 
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X. — Coal  and  Minerals. 

8ILVEK    MEDAL. 

G62     James  C.  Hand  &  Co.,  Philadelphia,  Corundum,  from  Pa.  Corundum  Co. 

HONORABLE    MENTION. 

1364     Denver  and  Rio  Grande  R.  R.  Co.,  Coal  and  Coke. 

XI. — Combs  and  Brushes. 

SILVER    MEDAL. 

928     Chas.  Brintzinghoffer,  Philadelphia,  Leather  Back  Horse  Brush. 

BRONZE    MEDAL. 

03")     Geo.  W.  Metz  &  Sons,  Philadelphia,  Fine  toilet  and  other  Bi-ushes. 

XII. — Copper,  Brass,  Plumbers'  and  Tin  Ware. 

SILVER    MEDAL. 

560     Joseph  L.  Travis,  Philadelphia,  J.  &  H.  Jones'  Ne  Plus  Ultra  Water 

Closet. 
1070     Miller  &  Krips,  "  Brass  Castings. 

BRONZE    MEDAL. 

112  Cooper,  Jones  &  Cadbury,  Philadelphia,  AVater  Closet  Valve. 

280         '•  "  "  "  Compression  Bibb  Cocks. 

5o'J  Joseph  L.  Travis,  "  Combination  Shower  Cock. 

1249  John  P.  Schaum,  Lancaster,  Pa.  Copper  Kettle. 

1222  Chas.  Burnham  &  Co.,  Philadelphia,  Patent  Safety  Can. 

1320  W.  S.  Bate,  Philadelphia,  Patent  Wash  Stand  Faucet. 

1480  Philadelphia  Smelting  Co.,  Philada.  Unfinished  Brass  &  Bronze  Castings. 

1101  N.  &  G.  Taylor  Co.,  "  Decorated  Tin  Plates. 

HONORABLE    MENTION. 

124     R.  D.  0.  Smith,  Washington,  D.  C.  Odorless  Water  Closet  and  Urinal. 

XIII. — Cotton  and  Woolen  Groods. 

SILVER    MEDAL. 

1.j03     Washington  Mills,  Lawrence,  Mass.,  Jas. 

W.  Dayton,  Agent,  Superior  Worsted  Coalings. 

1604     Washington  Mills,  Lawrence,  Mass.,  Jas.  1  Superior    Colors     in    Shawls    and 

W.  Dayton.  Agent,  j      Dress  Goods. 

1505  Burlington  Woolen  Co.,   Winooski  Falls, 

Vt.,  Jas   W.  Dayton,  Agent,  Superior  Wool-dyed  Kerseyp. 

1506  Burlington  Woolen  Co.,  Winooski  Falls,  ~l  All-wo"l   Black  and  colored  Cloths, 

Vt.  Jas.  W.  Dayton,  Agent,  j       Doeskini  and  Beavers. 

103  Fiss,  Banes  &  Erben,  Philadelphia,  Jennapped  Worsted  Yarn. 

104  "         "  "  "  No.  120  Worsted  Yarn.* 

720     David  Trainer  &  Sons,  Linwood,  Pa.  Superior  Extra  Omega  Tickings. 

1227     Williinantic  Linen  Co.,  Colladay,  Trout  & 

Company,  agents.  Spool  Thread. 

85     S.    B.  &  M.  Fleisher,  Star  Alpaca  Braid.o. 

10     Aub,  Hackenburg  &  Co.  Machine    and  Sewing   Silks.  Black 

and  White 
478     Belding  Bros.  &  Co.,  L.  C.  Hall,  Jr.  &  )  50  and  100    yards    Sewing    Silks, 
Co.,  Agents,  )      plain  and  Fancy  Colors. 


*  The  exhibit  of  No.  120  WorstcU  Yarn  has  been  referred  to  the  Committoo  on  Science  and 
Arts,  with  recommendation  that  it  be  awarded  une  of  the  higher  medals  of  the  Institute. 
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BRONZE    MEDAL. 

651     Wood  &  Haslam,  Quilts. 

HONORABLE    MENTION. 

1059     David   S.    Brown    &  Co.   (Gloucester  and 

Ancona  Printing  Co.,)  Display  of  Prints. 

XIV. — Dental  and  Surgical  Instruments. 

SILVER    MEDAL. 

62  S.  S.  White,  Philadelphia,  Artificial  Teeth. 

779  D.  W.  Kolbe,         "  Artificial  Limbs. 

1517         "         "  "  Surgical  Instruments. 

1478  S.  S.  White,  "  The  S.  S.  White  Dental  Engine. 

BRONZE    MEDAL. 

596     J.  B.  Seeley,  Philadelphia,  Trusses. 

HONORABLE     MENTION. 

785     J.  B.  Seeley,  Philadelphia,  Silk  Elastic  Surgical  Bandages. 

903     Geo.  P.  Pilling,         "  Surgical  and  Dental  Instruments' 

XV. — Drugs,  Dye  Stuff s  and  Chemicals. 

SILVER    MEDAL. 

84     Rosengarten  &  Sons,  Philadelphia.  Purity  of  Chemical  Preparations. 

123     Powers  &  Weightman,         "  For  Fine  Display,  General  Excellence 

and   Purity  of  their   Com.  Chemi- 
cal Preparations.* 
;^61     Penna.  Salt  M  f  g  Co.,         "  Fine  Display  and  Purity  of  Sodium 

Bi-Carbonate. 
25     Joseph  Wharton,  Camden,  N.  J.,  Superiority   of   Nickel   and   Nickel 

Compounds. 
58     Mellor  &  Rittenhouse,  Philadelphia,  Licorice. 

24     Chas.  Lippincott  &  Co.,  "  Soda  Water  Fountains. 

BRONZE    MEDAL. 

1520     J.  S.  &  T.  Elkinton,  Philadelphia,  Silicate  of  Soda. 

256     Henry  Bower,  "  Excellence  of  Glycerine    and    other 

Chemicals. 
852     J.  M.  Sharpless  &  Co.,         "  Purity  of  Dye  Stuffs  &  Dye  Woods. 

357     Knrlbaum  &  Co.,  "  Purity  and  Beauty  of  Chemical  Prep. 

1333     Wm.  Gulager,  Philadelphia,  for  New  Eng- 
land Glass  Co.,  M'f'rs,  Boston,  Mass.,     Superior  Glass  Makers  Litharge. 

HONORABLE    MENTION. 

808     Wm.  Gulager,  Philadelphia,  for  Hartman 

Laist  &  Co.,  M'f  rs,  Cincinnati,  0.,  Excellent  qualities  of  Glycerine. 

1213     Harrison  Bros.  &  Co.,  Philadelphia,  Excellence  of  Oil  of  Vitriol. 

1369     Wm.  B.  Burke  &  Co.,  "  Hand  and  Machine-made  Corks. ... 

1123     Mcllvaine  &  Bros.,  "  Uniformity  of  pulverization  of  Drugs 

and  Spices. 
58i     Hansel!  &  Bros.,  "  Apple  Vinegar. 

386     J.  C.  Hurst  &  Son,  "  Burdict's  Oil  Polish  Blacking. 

*  Rcferrerl  to  Committee  on  Science  and  the  Art."?,  with  a  recommendation  to  award  the 
Elliot  Cresson  Gold  Medal. 
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XVI. — Fine  Arts  and  Photography. 


1486 

G4 
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SILVER    MEUAL. 


F.  Gutekunst,  Philadelphia, 

Broaclbent  &  Phillips,  Philadelphia, 
Trask  &  Bacon,  " 

A.  H.  Hemple,  " 

Wm.  G.  Entriken,  " 


568     Jno.  Carbutt,  Sup't  American  Photo-Re- 
lief Printing  Co.,  Philadelphia, 


1056  New  York  &  Boston  Sand  Blast  Co., 

ham  Blake,  Agent, 

846  Samuel  Sartain,  Philadelphia, 

182  Jas.  R.  Osgood  &  Co.,  Boston,  Mass., 

698  Jas.  W.  Lauderbach,  Philadelphia, 

570  Breaker  &  Kessler,  " 

818  Thos.  Hunter,  " 

1519  Jas.  S.  Earle  &  Sons,  " 

439  Potsdamer  &  Co.,  " 


Gor- 


Glace  Photographs. 

Large  Plain  Photographs. 

Large  Crayon  Photographs 

Plain  Cabinet  Pictures. 

L'ge  Photo's  of  Engines  &  Machinery 

Oscillating  Enameller  for  burnishing 

Photographs. 
For   Excellence   in    Lantern    Slides 

anil  tlie  Pictures  of  Bone,  Tissue, 

^Machinery,    etc.,    by    Woodbury 

Type  Process. 

Tilghman's  Etching  Process  on  Glass. 

Steel  Engravings. 

Ileliotj-pes — an  Improved  Method  of 

Photo-Mechanical  Printing. 
Wood  Engraving. 
Lithographed  Bonds,  etc. 
Chromos. 

Display  of  Rogers'  Statuette  Groups. 
Lithographic  Engraving. 


BKOXZE    MEDAL. 


1495  Broadbent  &  Phillips,  Philadelphia, 

657  Suddarils  &  Fennimore,  " 

647  James  Cremer,  " 

666  F.  Langenheim,  " 

114  Robert  Steele,  " 

226  Louis  Ureka,  " 

385  Wells  &  Hope  Co., 

231  Mason  &  Co., 

1149  Mrs.  A.  Pilkington,  " 

18  Janentzky  &  Co.,  " 

371  Estate  of'Thonias  Heath,  " 

1068  Martlia  A.  Torrey, 


1465     Geo.  A.  Rowe, 

915     Longacre  &  Co., 
19     Janentzky  &  Co., 


Glace  Photographs. 
Large  Colored  Photograph". 
Stereoscopic  Views. 
Col'd  Alhuiiien  Magic  Lantern  Slides 
Illuminated  Show  Cards. 
Stationery — Artistic  Design  &  Work- 
manship. 
Wells'  Pat.  Metallic  Adv'ng    Signs. 
Stationery — .\rtistic  Design  &  Work- 

mansliip. 
Wax  Flowers  and  Preserved  Geran- 
ium Leaves. 
Artists'  Materials,  Oil  Colors,  etc. 
Plaster  Statuary. 

Marking  with   Indelible  Ink,  Origi- 
nal Designs  with  Quill  Pen. 
Cameos   and    Intaglio    Cuttings    on 
Precious    Stones,    and    Frame   of 
Impressions  in  Wax. 
Engraving  on  Wood. 
Water  Colors. 


HOXOUAIILE    MENTION. 


1485  F.  Gutekunst,  Philadelphia, 

122  P.  E.  Chillman  &  Co.,  Philadelphia, 

275  Robt.  Newell  &  Son,  " 

722  Benj.  Lin  foot.  " 

796  Crosscup  &  West,  " 

281  Benerman  &  Wilson,  " 

656  W.  F.  Geddes'  Sons, 


Large  Crayon  Photographs. 
Glac6  Photographs. 
Acid  i)roof  Plioto-Ware. 
Architectural  Water  Color  Drawing. 
Wood   Engraving  of  Machinery  and 

Buildings. 
Photograpliic  Puldications. 
Fruit  and  ('an  Labels  in  colors. 
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XVII. — Gents'  Furnishing  Goods,   Canes  and  Umbrellas. 

SILVER    MEDAL. 

15;")     Wm.  A.  Drown  &  Co.,  Philadelphia,  Umbrellas. 

377     Ridgway  cSi  Oliphant,   Philadelphia,  Gloves  and  Gauntlets. 

BRONZE    MEDAL. 

14G1     J.  Herzberg  &  Bro.,  Philadelphia,  Patent  Notch  on  Umbrella  Frames. 

HONORABLE    MENTION. 

163  Wanamaker  &  Brown,  Philade'phia,  Clothing. 

223  E.O.Thompson,  "  Pantaloons  and  other  Garments. 

621  Bichard  Eyre,  "  Shirts. 

178  Carpenter  &  Latimer,  "  Shirts. 

325  Sliedaker  &  Lindsey,  "  Shirts. 

255  F.  Sachse  &  Son,  "  Shirts. 

XVIII. — Gold  and  Silver  Ware.,  Plated  Ware  and  Jtivelry. 

SILVER    MEDAL. 

157     Hastings  &  Co.,  Philade'phia,  Gold  and  Silver  Leaf  and  Gold' Foil. 

202     Louis  11.  Spellier,  Doylestown,  Pa.  Clock,  and  Improvements  therein. 

1259     Ilietel  Bro.s.,  Philadelphia,  Improvement  in  Watch  movements. 

BRONZE    MEDAL. 

1226     Jas.  E.  Caldwell  &  Co..  Philadelphia,  Jewelry  and  Silver  Ware. 

1343     Isaac  Bedicheimer,  '•  Jewels  and  Emblems  in  Gold,  Silver 

and  Enamel. 
1855     Madame  K.  Schmidt,  Philadelphia,  Hair  Jewelry. 

HONORABLE    MENTION. 

924     Young  &  McCully,  Philadelphia,  Masonic  Marks  and  Jewel  Settings. 

XIX. — Hardware,  Cutlery,  ^c. 

SILVER    MEDAL. 

30  Hoopcs  &  Townsend,  Philadelphia  Bolts,  Washers  and  Wood  Screws. 

M9  McCaffrey  &  Bro.,  Philadelphia.  Files,  Rasps,  &c. 

199  Stuart,  Peterson  &  Co.,  Philadalphia,  Enameled    and   Tinned    Cast    Iron, 

Hollow  Ware. 

225  Howard  W.  Shipley,  Philadelphia,  Pocket  Cutlery. 

870  J.  B.Shannon,  '•  Builders'  Hardware. 

438  llussell  &  Erwin,  M'fg  Co.,  Phila.  Builders'  Bronze  Hardware. 

126  Andrew  Rankin,  "  Bronze  Metal  &  Iland-plated  Goods. 

17  Yale  Lock  M'fg  Co.  Stamford,  Conn.  Store-door,  Cabinet  Locks  &  Latches. 

1085  Mallory,  Wheeler  &  Co.,  Field  &  Hardie, 

Agents,  Mortise,  Rim  and  Padlocks. 

747  Wm    Baldwin,   Philadelphia,  Steel  Forging  Hammers,  Sledges,  &c. 

471  Henry  Disston  &  Sons,     "  Saws  and  Tools. 

1147  Charles  I'arker,  Meriden,  Conn.  Bench  Vise. 

CIS  Enterprise  Manuf.  Co.,  Philadelphia,  Coffee  Mills. 

1507  "  "         "  ''  Spice  and  Drug  Mills. 

212  A.  B.  Shipley  &  Son,  "  Fishing  Tackle. 

65  L.  Herder  &  Son,  "  Shears  and  Scissors. 

BRONZE    MEDAL. 

667     .Mex.  Kruml)h!>ar,  Philadelphia,  Files. 

421  Washhurn  &  Moen  M'fg  Co.,  N.  Y.  City,     Manufacturers'  Wh-e. 

422  White  &  Sansom,  Philailelphia,  Table  Cutlery. 

735     Baritjws,  Savery  k  Co  ,  Philadelphia,  Tailors'.  Hatters'  and  Sad  Irons. 

13:)5     Will.  I'uoft'.   I'hiladelpliia,  Patent  Jackscrew. 

47     Stevfns  Pat.  I'arallel  Vise  Co.,  New  York,  Parallel  Vises. 
503   Hopkins  &  Dickerson,  Fie'd  &  Hnrdie,  Ag'ts.  Bronze  Door  Knob». 
7«8     John  1'    Verree  &  Co.,   Philadelphia,  A. 

B   Shipley  A  Son,  .Agents,  Hatchets. 

453     Knickerbocker  Ice  Ho  ,  Philadelphia.  Ice  Tools. 
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HONORABLE    MESTIOX. 

148     Hillebrand  &  Wolf,  rbiladelphia,  Trunk  Locks  and  Padlocks. 

872     E.  S.  Wells,  "  Spoon-pointed  Wood  Screw. 

13-50     Philada.  Tool  Co.,  "  Davis'  Patent  Duplex  Wrench. 

703     John  Booth  &  Sons,  "  Brace-bits  and  Screwdrivers. 

203     Wm   P.  Walters'  Sons,     "  Mechanics'  Tools. 

1380     JI.  S.  Tarr  &  Son,  "  Excelsior  Dry  Level, 

502     Field  &  Hardie,  "  AVindow  Pulley. 

C30     Baylis  &  Darby  Manufac'g  Co.  Philada.  Wire  Work. 

772     Lloyd,  Supplee  &  Walton,  "  Bonney's  Pat.  Hollow  Auger. 

60-3     Heaton  &  Denckla,  Agents  Philadelphia, 

Union  M'fg  Co.,  New  Britain  Conn.  Plain  and  Fancy  Door  Butts. 


JCX. — Hats,  Cips,  and  Furs. 


BRONZE    MEDAL. 

544    F.  K.  Womrath,  Ladies  Furs. 

HONORABLE  MENTION. 

1006     W.  H.  Oakford,  Philadelphia,  Hats. 

810     Jno.  A.  Stambach  &  Co.,  Philadelphia.         Fancy  Furs. 

XXI. — House  Building  Materials.,  Tiles,  ayid  Terra  Cotta  Ware. 

BROXZE  MEDAL. 

46  Wm,  L.  Wilson,  Philadelphia,  Di'ain  Pipe  and  Chimney  Tops. 

401  Fredk.  Gossin,  "  Garden  Statuary  and  Vases. 

97  Phila.  Arcliitecfural  Iron  Co.,  Philad'a,  Galvanized  Iron  Work. 

35  Austin  &  Obdyke,  "  Corrugated  Water  Conductor. 

HONORABLE  MENTION. 

196  Drury  &  Mclluish,  Philadelphia.  Plaster  Ornaments. 

1223  C.  Buruham  <Sc  Co.,  "  Gilroy'.s  Weather  Strips. 

1138  McNeil,  Irving  c»c  Rich,  Elwood  N.  J.,  Pat.  Waterproof  Huilding  Paper. 

1210  Jos.  E.  Billings,  I5oston,  Mass.,  Universal  Angle  Brick. 

142  Goo.  Hayes    N.  Y.  Hayes'  Patent  Skylight. 

362  Wm.  F.  Scheible,  Philadelphia.  Awnings  and  Decorations. 

XXII. — Housekeeping  Articles. 

SrLVER  .MEDAL. 

145     C.  G.  Blatchlcy,  Philadelphia,  Tingley's  Patent  Horizontal  Ice  Cream 

Freezer. 
531      Wm.  Wiler,  "  Stair  Bods. 

347     John  Gravenstine,         "  Sideboard    Refrigerator   and    Water 

Cooler  Combine<l. 

BRONZE  MEDAL. 

234  Chas.  W.  Packer,  Philadelphia,  Ice  Cream  Freezer. 

34*5  John  (Jravcnsline,  "  Refrigerator  and   Cooler  Combined. 

1197  Jeremiiih  Rf)l)rer,  Lancaster,  Pa.,  '■  Iceberg"  Refrigerator. 

732  Barrows,  S.-iverj'  &  Co.,  Pliiladelphia,  Refrigerator  and  Cooler  Combined. 

27!t  .\.  k.  R.  ().  Aji))lcgate,  "  Centennial  Ironing  Table. 

1100  K.  S.  Farson  &  Co.,  "  Scliooley's    Patent    Solf-Venfilatin" 

Refrigerator. 

84'!  L.  B.  Justice,  "  Seamen's  Ice  (Jream  Freezer. 
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HONORABLE  MENTION. 

1518     F.  G.  Ford,  Philadelphia,  Pat.    Coal    Hod   or  Flour   Pail  and 

Sifter  Combined. 

578     Wilson,  Wood  &  Co..  Wilmington,  Del.,       Crockery  Well  Water  Cooler. 
1010     F.  Lawrence.  Philadelphia,  Revolving  Flower  Bracket. 

435     Orum  &  Millor,  "  Gas  Bracket  Match  Safe. 

333     Amanda  S.  Sherwood,  Philadelphia,  Bixler's  Fountain  Griddle  Greaser. 

934     Thos.  Mills  &  Bro.,  "  Steam  Engine  and  Ice  Cream  Freezer 

Combined. 
1361     John  ^IcConn,  "  Non-Explosive  Stenm  Coffee  Pot. 

1388     T.  B.  Hagner,  "  American  Automatic  Filterers. 

XXllI. — India-Ruhher  Goods. 

SILVER  iMEDAL. 

1409     A.  K.Young  &  Conant  Manufacturing  Co., 

Boston,  Mass.,  Gossamer  Waterproof  Garments. 

HONORABLE  MENTION. 

1095     New  York  Belting  and  Packing  Co.,  D.  P. 

Dieterich   Agent,  Philadelphia.  Rubber  Belting. 

216     Boston  Elastic  Fabric  Co.,  Potter  &  Hoff- 
man, Agents,  Philadelphia,  Rubber  Fire  Hose. 

XXIV. — Iron  and  Steel. 

SILVER  MEDAL. 

716     Alan  Wood  &  Co.,  Philadelphia,  Patent  Planished  Sheet  Iron. 

1324     Am.  Tubular  Iron  and  Steel  Asso.,  Phila.,  AVheeler's  Tubular  Wrought  Iron. 

606  Midvale  Steel  Works,  Nicetown,  Pa.,  Crucible  Cast  Steel, 

607  "  "  "  "  Steel  made  by  Siemen's  Martin  pro- 

cess. 
27     Phila.  Galvanizing  Co.,  Philadelphia,  Galvanized  Iron. 

1367     Pennsylvania    Combined    Iron    and  Steel  Wheeler's  Combined  Iron  and  Steel 
Association,  Philadelphia.  for  Railroad  and  Merchant  Bars. 

822     Susquehanna  Iron  Co.,  Columbia,  Pa.,  Merchant  Bar  Iron. 

956     Fitzgerald,  Flagg  &  Co.,  Philadelphia,  Cast  Steel  Castings. 

BRONZE  .MEDAL. 

407     Phila.  Hydraulic  Works,         "  McHaffie  Direct  Steel  Castings. 

312     Hanson  l'c  Kirk,  "  Cemetei-y-Lot  Enclosings. 

215     Union  Iron  Co.,  Buffalo,  N.  Y.,  Potter  & 

Hoffman,  Agents,  Philadelphia,  Long  Iron  Beams. 

355     Miller,  Barr  &  Parkin,  Pittsburg,  Pa.,  Cast  Steel. 

1303     Goodell  &  Waters,  Philadelphia,  Iron  Castings. 

HONORABLE  MENTION. 

1136     Malin  Bro' s.  Philadelphia,  Pig  Iron. 

1330     Edw'd  .J.  Etting,       "  Allentown  Iron  Co.'s  Pig  Iron. 

337     Chas.  H.  Kellogg,     "  Potter  &  Hoff- 
man, Agents,  Wrought  Iron  Column. 

XXV. — Ladies'  Fancy  Goods. 

SILVER  MEDAL. 

91  Birgc  &  Berg,  Philadelphia,  Artificial  Flowers. 

441  M.  Shoemaker  &  Co.,  Philadelphia,  Children's  Clothing. 

468  Ladies'  Deposiiary,  "  Fancy  and  Useful  Articles. 

1456  Mrs.  M.  E.  B.  Wynne,  New  York,  P"ancy  Stitching  on  Shoes. 

1464  Miss  Maggie  M.  Doran,  Philadelphia,  Glove  Making. 
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BRONZE  MEDAL. 

380     Mrs.  E.  Kevser,  Philadelphia,  Children's  Oothing. 

1268     A.  J.  lander.  "  Afghan  and  Needlework. 

1368     W.  B.  Moore,  "  Tips  and  Tags  for  Lacings. 

HONORABLE  MENTION. 

294     Wm.  Brooks,  Philadelphia,  Bonnets. 

373     David  Wood,  "  Infant's  Clothing. 

1281     Wheeler  &  Wilson  Mfg.  Co.,  Philadelphia,  Samples  of  Stitching. 

XXVI.— Gas  Fixtures. 

SILVER  MEDAL. 

100     Cornelius  &  Sons,  Philadelphia,  Gas  Fixtures. 

501     M.  B.  Dyott  &  Son,  "  Champion  Street  Lamps. 

BRONZE  MEDAL. 

83     Baker,  Arnold  &  Co.,  Philadelphia,  Gas  Fixtures. 

777     Wilhelm  &  Neuman,  '•  Street  Lamps. 

1018     August  Wilhelm,  "  Ceiling  Reflector. 

HONORABLE  MENTION. 

109     American  Reflector  Co.,  Philadelphia,        Goefz'  Day  and  Gas  Light  Reflectors. 

XX VII. — Leather  and  Morocco. 

SILVER  MEDAL. 

1445     F.  Braun,  Philadelphia,  Calf  Skins. 

BRONZE  MEDAL. 

191     Eckfeldt  &  Richie,  Philadelphia,  Oak-Tanned  Butts  for  Hose  &  Belting. 

HONORABLE  MENTION. 

2.1  A.  McKnight  &  Co.,  Philadelphia,  Waterproof  Leather, 

276  Ed'd  Spaulding,  Boston,  Mass.,  Hemlock-Tanned  Sole  Leather. 

434  Deitricli  i*c  Wliittington,  Philadelphia,  Meyers  Pat.  Marbled  Sheep  Skins. 

764  C.  B.  Williams'  Sons,  "  Oak-Tanned  Sole  Leather. 


XXV III.— Marble,  Stone,  etc. 


BRONZE    MEDAL. 

396     Adam  Steinmefz,  Pliiladelphia,  Colored  American  Marble  Mantels. 

1168     Wm.  R.  Hanson  &  Son,     "  Lake  Chaniplain  Coloretl  Marbles. 

244     Chas.  Williams,  "  Marbleized  Slate  Mantels. 

303     Wilson  &  Miller,  " 

321     Hayes,  Coulter  &  Co., 

40     J.  B.  Kimes  &  Co.,  " 

677     Thompson  &  Harper,         "  "  n         <> 

(Collection  of  Grindstones,  Oilstones, 
Curriers'  Blocks  and  French  Burr 
Millstones. 

XXIX.-\. —  Generators  of  Power. 

SILVER    MEDAL. 

853     Harrison  Boiler  Works,  Philadelphia.  Harrison's  Sectional  Boiler. 

BRONZE    MEDAL. 

710     Stoam  Generator  Mfg  Co.,  Philadelphia.    The  Wiegand  Sectional  Safety  Steam 

Generator. 
690     Wm.  J.  Connery,  "  Connery's  Concave  Caulking. 

1084     Wm.  T.  Bates,  Conshohockcn,  I'a.  Feed  Water  Heater  and  Filter. 

287     Henry  Snyder  &  Co.,  Pliiladelphia,  Shapley  Stcam-Engine,  PorUible. 


96  Frankliri  Institute  Exhibition,  1874. 

HONOKABLE    MENTION. 

627     Norris  Iron  Co.,  Norristown,  Pa.  Norris  Iron  Co.'s  Improvements  on 

Rogers  &  Black's  Boilers. 
511     Waters'  Tat.  Heater  Co.,  W.  Meriden,  Conn.  Waters'  Pat.  Feed  Water  Heater. 

XXIX-2,. — 3Iotors  other  than  Water-  Wheels. 

BRONZE  MEDAL. 

101  Robert  Wetherlll,  Chester.  Pa.,  Corliss  Steam-Engine. 

158  Andrew  Watson,  Philadelphia,  Upri2;ht  Steam-Engine. 

389  Jacob  Naylor,                  "  Horizontal  Steam'- Engine. 
457  Wilbraham  &  Bro.,        "  Horizontal  Steam-Engine. 

HONORABLE  MENTION. 

495     Shive  Governor  Co.,  Bethlehem,  Pa.,  Shive  Steam-Engine  Governor. 

553     Jacob  Naylor,  Philadelphia,  Balance  Slide- Valve. 

390  Jacob  Naylor,  "  Vertical  Steam-Engines,  6in.,  8in., 

10  in.  and  12  in.  Cylinders. 
636     Jenkins  &  Lee,  "  Marine  Governors. 

551     Richards  &  Pike,       "  Barr's  Eliptic  Steam  Trap. 

392     J.  T.  Mecutchen,        "  Patent  Eccentric  Hook. 

JCJCIX—S. — Machinery  of  Transmission. 

SILVER    MEDAL. 

12     Alexander  Bros.,  Philadelphia,  Leather  Belting. 

800     James  Eccles,  "  Model  of  Patent   Pivot   Centre  for 

Drawbridge. 
153     T.  J.  Rorer,  "  Combination  Union  Belt. 

BRONZE    MEDAL. 

177     Geo.  V.  Cresson,  Philadelphia,  Internal  Clamp  Coupling  for  Shaft'g. 

183     Sellers  Bros.,  "  Main   Driving  Belt.      J.  B.  Hoyt  & 

Co.,  M'f  rs,  New  York. 

1439  Pusey,  Jones  &  Co.,  Wilmington,  Expanding  Pulleys. 

1440  "  "  "  "  Wire  Guide. 

HONORABLE    MENTION. 

170     Murray  Bacon,  Philadelphia,  Rotary  Circulating  Fan. 

141     Geo.  V.  Cresson,         "  Shafting  Hangers  and  Pulleys. 

306     Wright  &  Smith,  Machine  W'ks,  Newark, 

New  Jersey,  Variable  Speed  Shafting. 

574     James  F.  Tygh,  Philadelphia,  Cigar  Shield,  Self  Pressing. 

514     Wm.  M.  Smith,  Philadelphia.  Device  for  Driving  Sewing  Machines 

with  Variable  Speed. 

XXIX-4:. — Machinery  of  Transportation. 

SILVER    MEDAL. 

7     The  Wharton  R.  R.  Switch  Co.,  Phila.,         Wharton's  Safety  Railroad  Switch. 
648     *B.  Tatham  &  J.  AV.  Brittin,  New  York  City,  Safety  Catch  for  Elevators. 

BRONZE    MEDAL. 

629  Gee.  J.  Woodruff,  Norristown  Pa.,  Model  of  Railroad  Switch. 

310  Nichols,  Pickering  &  Co.,  Philadelphia,  Elliptic,    Nest,     Spiral    and    Volute 

Springs. 

586  Stokes  &  Parrish,  Philadelphia,  Elevator  Winding  Engine. 

774  J.  G.  Brill  &  Co.,  "  Street  Car  Starter. 

1230  Sellers  Bros.,  "  Wrought  Iron  Bridge  Railing. 

583  C.  W.  Hunt,  New  York  City,  Automatic  Railway. 

684         "         "  "         "  Automatic  Elevator. 

•  Referred  to  Committee  of  Science  and  the  Arts.  With  a  recommendation  for  the  higlier 
awards  of  the  Institute. 
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HONORABLE    MENTION. 

6  Wm.  Wharton,  Jr.,  Philadelphia.  Rail  Curving  Machine. 

9  The  Wharton  R.  R.  Switch  Co.,   Thila.,  Steel  llailrond  Frog. 

260  Thos.  McBride,  Philadelphia,  Hydraulic  Car  Brake. 

1272  J.  Sinprer  &  R.  Mench,  Ilarrisburg,  Pa.,  Singer's  Pat.  Autom'ic  Car  Coupler. 

1146  C.  D.  Alexander,   Philadelphia,  McConnell's  Automatic  Car  Coupler. 

1271  Jacob  Singer.  Ilarrisburg,  Pa.,  McAllister's  Imp' J  R.  R. Brake  Shoe. 

382  Davis  &  Foulke,  Philadelphia,  Fitts'  American  Road  Steamer. 

XXIX-b. — Pumps,  Hydrants,  etc. 

BRONZE    MEDAL. 

106     R.  D.  Wood  &  Co.,  Philadelphia,  Mathews  Patent  Fire  Hydrant. 

247     E.  L.  Richie,  "  Slouthron's  Bilge  and  Force  lump. 

263     Rue  Manufacturing  Co.  "  Little  Giant  Injector. 

HONORABLE    MENTION. 

693  R.   T.    H.    Stileman,    Philadelphia,  Stop  Cocks  and  Valves. 

118  Cooper,  Jones  &  Cadbury,    "  Excelsior  Suction  and  Force  Purap. 

632  J.  H.  Billington  &  Co.,  "  Putnam's  People's  Pump. 

967  F.  B.  Colton,  "  Prall's  Pat.  Aquameter  Steam  Pump. 

446  Ferrell  &  Jones,  '«  Steam  Punip. 

1161  *Thos.  M.  Shank,  Water  Meter. 

XXIX-Q.—Macldne  Tools. 

SILVER    MEDAL. 

1513  Northampton  Emery  ^Vheel  Co.,  Leeds,  )  Stove  Plate  Emery  Wlieel  Grinding 

Mas.«.,  W.  P.  Walters'  Sons,  Agents,  )      Machine. 

lOo  .\dam  Neukumet.   Piiila  lelphia.  Keystone  Crucible  Machine. 

129  J.  Henry  Mitcliell,  Philadelphia,  Iron  Boxes  &  Grindstone  Fixtures. 

363  Oberlin  Smith  &  Bro.,  Bridgeton,  N.  J.  Can  Makers,  Presses  and  Dies. 

444  Thorne,  De  Hav^n  &  Co.,  Philadelphia,        Portable  Drilling  .Macliine. 

448  Kiehner  &  Odenalt,  "  Valve  Seat  &  Metal-planing  Machine. 

449  C.  Van  Haagen  &  Co.,  "  Rotary  Siiaper. 

.')33  Packer  &  15ates,  "  Machine  tor  Oval  &  Circular  Cutting. 

912  Henry  Snyder  i*t  Co.,  "  Ames   Kngine  Latiie. 

1082  E.  &  A.  Betts,  Wilmington,  Del.  Reiler's  Pat.  Adjustment  for  Lathe 

Tool-posts. 

217  P.  H.  &  T.  N.  Root;  Potter  &  Hoflman, 

Agents,  Philadelphia,  Portable  Forge. 

458  T.  Wilbraliam  &  Bros.,  Philadelphia,  Baker's  Pressure  Blower. 

1127  John  L.  Mason,  "  Tire  Siirinker. 

21  Pliny  E.  Cha.se,  Newark  N.  J.  Foot  Back  Geared  Slide  Lathes. 

169  Murray  Bacon,  Philadelphia,  Hand  Lathes. 

1233  The  Tanite  Co.,  Stroudsburg,  Pa.  Emery  Wheel  Milling  .Machine. 

1494  D.  P  Dieterich,  Philadelphia,  Vulcanite  Emery  Wheels. 

1481  C.  Van  ilaagen  &  Co.,  Philadelphia,  Twist  Drill  Grinding  Machine. 

761  Ferris  &  Miles,  "  Axle  Lathe. 

BRONZE    MEDAL. 

75     Keystone  Portable  Forge  Co.,  Philada.  Baxter  Portable  Forges. 

98     Nortliampton    Emery    Wiicel    Co.,    Leeds, 

Mass.,  W.  P.  Walters'  Sons,  .\gent8,  Emery  Wlieels. 

345     .John  IJird,  Philadelphia,  Press  for  moulding  Glassware. 

575     James  F.  Tygh,  Philadelphia,  Tobacco  Strip'g  &  Booking  Machine. 

•Referred  to  Commltteo  on  Scionocs  and  the  Arts  for  Examination. 
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BRONZE  MEDAL. 

1183     Lucien  B.  Flanders,  Philadelphia,  Tat.   PortaWe  Cylinder  Boring  Ma- 

chine. 
968     Charles  Crossley,  Philadelphia,  Patent  Mill  Picks. 

102-4    Allison  &  Bannan,  Port  Carbon,  Pa.  Allison's  Patent  Boring  Machine. 

1287     Isaac  H.  Shearman,  Philadelphia,  Johnsons  Lathe  Chuck. 

1192     T.  R.  Evans,  "  Indexical  Revolving  Boot  and  Shoe- 

tree  Stretcher. 

1239  Hill,  Clark  &  Co.,  Boston,  Mass.  No.  3  Brainerd  Miller. 

129.5     W.  D.  Chase,  M'fg  Co.,  New  York.  Chase's  Pipe  Cutting  Machine. 

1311     Kf^ystone  Portable  Forge  Co.  Philada.  Grimes'  Pressure  Blower. 

HONORABLE     MENTION. 

228  Lehigh  Valley  Emery  Wheel  Co.,  Weiss- 

port,  Pa.  Butterfields  Emery  Wheels  &  Grinder. 

1.514  Chas.  M.  Chriskey,  Philadelphia,  Portable  Forges. 

1047  George  Richards,  "  Twist  Drill  Grinding  Machine. 

1238  R.  L.  Howard  &  Son,  Buffalo,  N.  Y.  6-inch  Schlinker  Bolt  Cutter. 

1241  Wood  Light  Machine  Co.,  Worcester,  Mass.  No.  1.  Bolt  Cutter. 

1240  Hill,  Clark  &  Co.,  Boston,  Mass.  Index  Miller. 
1498  The  Tanite  Co.,  Stroudsbury,  Pa.,  Emery  Wheels, 

1256     C.  J.  Gardner,  Philadelphia,  Saw  Grinding  Machine.     (Model.) 

425  j-E.  &  A.  Belts,  Wilmington,  Del.,  Display  of  Machine  Tools. 

426J 

XXI X-1. —  Wood-  Working  Machinery. 

SILVER    MEDAL. 

540     D.  J.  Lattimore,  Philadelphia,  McClelland's  Planing  Mach.  Duster. 

598     Goodell,  Braun  &  Waters,  Philadelphia,        Endless  Bed,  Double  Surfacer  and 

Matcher. 
594  **  "  ''  Heavy  Bar  Mortiser  and  Borer. 

1490  Power,  Tainter  &  Co.,  "  Re-Sawing  Machine. 

BRONZE    MEDAL. 

300     Trump  Brothers,  Wilmington,  Del.  Fleetwood  Scroll  Saw. 

307     Power,  Tainter  &  Co,  Philadelphia,  Woodward  Double  Surfacing  Floor- 

Board  Planing  Machine. 

HONORABLE    MENTION. 

494  R.  McChesney,  Ilion.  N.  Y.  Truss  Arm  Scroll  Saw. 

1054  Walker  Bros.,  Minneapolis,  Minn.  Scroll  Saw. 

1145  J.  H.  Blaisdell  &  Co.,  Philadelphia,  Sash  Boring  and  Grooving  Machine. 

1436  James  M.  Seymour,  Newark,  N.  J.  Sash  Dovetailing  Machine. 

1491  Power,  Tainter  &  Co.,  Philadelphia,  Combined  Sash  Sticking  and  Mould- 

ing Machine. 

XXIX-^ — Textile  Machinery. 

SILVER    MEDAL. 

41     H.  W.  Butterworth  &  Sons,  Philadelphia,    Warp  and  Cloth  Drying  Machine. 

1397  Thos.  AVood,  Philadelphia,  3-Box  Power  Loom. 

545     Dienelt  &  Eiscnhardt,  Philadelphia,  W.  V.  Gee's  Pat.  P'wr  Carpet  Loom. 

1441     Pusey,  Jones  &  C",,  Wilmington,  Del.         Rag  Cutter. 
180     Thomas  Wood,  Philadelphia,  Single  Box  Power  Loom. 

BRONZE    MEDAL. 

826  Wm.  \IcArthur  &  Co.,  Philadelphia,  McArthur's   Patent    Steam    Feather 

Renovator. 

HONORABLE    MENTION. 

1398  Thomas  Wood,  Philadelphia.  Winding  Machine. 

827  W.  McArthur  &  Co.,  Philadelphia.  Steam  &  Hot  Air  Carpet  Cleaning 

Machine. 
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XXIX-\). — Seiving  Machines. 

SILVER  MEDAL. 

28     Cutlan  Shoe  S   M.  Co.,  Philadelphia,  Cutlan  Shoe  Machine. 

324     George  C.  Walters,  Philadelphia,  Wet  Skin  Sewing  Machine. 

118     Rex  &  Bockius,  "  Goodes  Sewing  Machine. 

BROXZE    MEDAL. 

418     A.  B.  Felt  &  Co.,  Philadelphia,  Vertical  Feed  applied  to  the    Davi» 

Sewing  Machine. 
31. S     Cyrus  S.  Cushman,         "  Sewing  Machine  Attachment. 

397     John  Mundell  &  Co.,       "  Machine    for    Screwing    Soles     on 

Boots  and  Shoes. 
1489     A.  C.  McKnight,  Philadelphia,  for  Ca-">    American   Cable   Screw    Wire    Ma- 
ble  Screw  Co.,  Boston,  Mass.  (        chine  for  Boots  and  Shoes. 

HONORABLE     MENTION. 

1086     Jos.  J.  West,  New  York,  Duplex  Braiding  and  Embroidering 

Attachment. 
437     Adjustable  Table  Co.,  Philadelphia,  Adjustable  S.  M.  Table. 

1342     J.  Thomas  Jones,  Ilion,  N.  Y.,  "Eureka."  The  Remington  Anatomi- 

cal Treadle  for  Sewing  Machines. 

XXIX-10. — Laundry  Machinery. 

BRONZE  MEDAL. 

251     American  Machine  Co.,  Philadelphia,  Crown  Clothes  Wringer. 

537     James  Bing,  Philadelphia,  R.  A.  Stratton's  Mangle  or  Calender. 

3G8     R.  If.  Farley         "  Champion  Steam  AVasher. 

HONORABLE     MENTION. 

1202     J.  D.  Brick,  Philadelphia,  Electric  Washing  Machine. 

XXIX.-\  1 . — Paper   Mach  in  ery. 

SILVER    MEDAL. 

195  Brown  &  Carver,  Philadelphia,  Paper  Cutting  Machine. 

1048  Brown  &  Carver,  "  Hand  Paper  Cutter. 

384  R.  Mohler,  "  Fourdrinier  Wire  Cloth. 

1228  Sellers  Brothers,  "  Whitchcud's  Uandy  Roll. 

1232  Sellcr.s  Brothers,  "  Paper  Maker's  (Vlinder. 

427  Nelson  fiavit,  "  Pat.  Cone  Pully  I'apor  Cutter. 

50  *Chambers  Brothers,  "  Fast  Rotary  New.s  Folder. 

51  *     "  "  "  10  Page  Folder  and  Paster. 

52  *      '  "  "  Adjustal)le  8  vo.   and  12  mo.    Book 

Folder. 
40C  *J.  Morton  Poole  &  Co.,  Wilmington,  Del.,    Machine  Calender  Rolls. 

BRONZE    MEDAL. 

11     Charles  J.  Cohen,  Philadelphia,  Allen's  Machine    for  Gumming  and 

for  .'Vllen's  Manufacturing  Co.  Norwich,    Conn,   Folding  Envelopes. 
298     R.  S.  Menamin,  Philadelphia,  Hestons  Label  Cutter. 

HONORABLE     MENTION. 

171  Wm.  n.  Burkhardt  &  Co.,  Piiila.lelphia,     Cedar  Ship  Tank. 

172  George  J.  Hnrkliardt  &  Co.,  "  S(|uare  and  Hound  Cedar  Tank. 
480     Sellers  Brothers,                             "  Paj)er     Makers    Fourdrinier     Wire 

Cloth. 
1164     Nelson  Gavit,  Philadelphia,  Paper  Testing  Machine. 

*  All  of  Chambers 'BrothcrB  &  Co's  MachlncF  are  referred  to  the  Committee  of  Science 
and  the  Arts  for  .still  higher  awards.  J.  Morton  Poole  &.  Co.,  also  referred  to  the  Committee 
of  Science  and  the  Arts  for  still  higher  awards. 
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XXIX. — 12. — Rope  Machinery. 

No  Exhibits. 
XXIX. — 13. — Sugar  Machinery  and  Chemical  Appliances. 

SILVER     MEDAL. 

162     Henry  G.  Morris,  Philadelphia,  Improvements   on    D.    M.    Weston's 

Centrifugal  Macfliines. 
484     Walker  Brothers  &  Co.,  Philadelphia,  Lightning  Mill. 

1431     Greene  &  Piatt,  "  Improved  Fire  Extinguisher. 

76     David  Stewart,  "  Cracker  Machine. 

BRONZE  MEDAL. 

1468  George  .J.  Burkhardt  &  Co.,  Philadelphia,  Improved  Scotch  Mashing  Machine. 
930     Thos.  Mills  &  Brother,  "  Excelsior  Candy  Toy  Machine. 

932  Thos.  Mills  &  Brother,  "  Improved  Cocoa  Nut  Grating  M'chn. 

933  Thos.  Mills  &  Brother,  "  Fruit  Drop  Machine. 

HONORABLE    MENTION. 

488     Walker  Brothers,  Philadelphia,  Farm  Mill. 

342  Kreider,  Zindgraft  &  Co.,  Philadolphin,       Thompson's  30  inch  Patent  Portable 

French  Burr  Grain  Mill. 

343  Kreider,  Zindgraft  &  Co.,  Philadelphia,        Thompson's   24   inch  Patent   Paint 

Mill,  with  Mixer. 
55     Baugh  &  Sons,  Philadelphia,  E.    P.     Baugh's     Patent    Sectional 

Mills. 
179     W.  H.  and  S.  A.  Slocomb,  Philadelphia,       Fruit    Cleaner,    Apple    Parer    and 

Corer  combined. 

1469  Geo.  J.  Burkhardt  &  Co.,  Philadelphia,       Grains  Valves. 

26     Phila.  Fire  Extinguishing  Co.      "  Gardner's  Triumph   Hook  and  Lad- 

der Truck. 
684     C.  K.  Bullock,  Philadelphia,  Straub  Portable.Grain  Mill. 

XXIX-\^.— Stone  Machinery. 

SILVER    MEDAL, 

417     Excelsior  Brick  and  Stone  Co.  Philadel.      Gregg's     Excelsior     Brick    Making 

Machine. 
562     Penna.  Diamond  Drill  Co.,  Pottsville,  Pa.,  Diamond  Pointed  Steam  Drill. 

BRONZE    MEDAL. 

532     Samuel  P.  Miller  &  Son,  Philadelphia,         Hand  Brick  Press. 

HONORABLE    MENTION. 

53     Cliambers  Bros.  &  Co.,  Philadelphia.  Brick  Machine. 

XXIX-l^. —  Gas    Machinery. 

SILVER    MEDAL. 

1521     Amei^ican  Meter  Co.,  Philadelphia.  Improved   jet    Photometers    (condi- 

tional award.) 

BRONZE    MEDAL. 

1143     American  Meter  Co.,  Philadelphia,  Hopper's  Dry  Gas  Meter. 

161     Henry  G.  Morris,  "  Self-Sealing  lietort  Lids. 
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HONORABLE     MENTION. 

1511     Harris,  Griffin  &  Co.,  Philadelphia,  Dry  Gas  Meter. 

472     Collins  &  Curl,  Philadelphia,  Lacys  Automatic  Gas  Saver. 

916     Samuel  H.  Merviue,  Jr.,  Philadelphia.        Gas  Regulator  and    Four  way  Stop 

(."ock. 

XXIX-\Q. — Lubricating  Oils  and  Engineering  Supplies. 

SILVER  MEDAL. 

4(Mj     John  W.  Tally,  Philadelphia,  Paint  Filler  for  Wood  and  Metal. 

BRONZE  MEDAL. 

487  E.  F.  Houghton  &  Co..  Philadelphia,  Cosmo-lul.ric  Oil. 

658  Morehouse,  Rockafeller  &  Co.,  Pliilad'a,      Paraftine  Oil. 

657  I-^clipse  Lubricating  Oil  (Jo.,  Franklin,  Pa  ,  Tweddle'.s  Improvements  in   Manu- 
facturing Mineral  Oil. 

1321  Taber,  Harbert  &  Co.,  Philadelphia,  Monument  No.  1  Illuminating  Oil. 

1180  Wm.  L.  Elkins,  "  Continental  Burning  Oil. 

1178         "  "  "  Helmont  Hurning  Oil. 

1474         "  "  "  Head-Liglit  Oil,  175  degrees. 

564  Uavis  &  Dubois,  «'  Combination  Tallow  (\ip. 

791  AVickersham  &  Bro.,  "  The  Wickersham  Oil  Cup. 

HONORABLE  MENTION. 

1339  Crew,  Moore  &  Levick,  Philadelphia,  General  Display  of  Oils. 

1378  Geo.  J.  Faller,  '•  Excelsior  Sewing  Machine  Oil. 

803  Shepherd  &  Lloyd,  Philadelphia,  Agents 
for   Tubular    Barrow   and    Truck    Co., 

Jersey    City,  N.  J.,  Tubular  Iron  Wheelbarrow, 

290  Edw'd  I'rown,  Philadelphia,  Revolution  Indicator. 

865  Chas.  Parham.  "  Fine  Machine  Screws. 

786  B.  E.  Lehman,  Bethlehem,  Pa.,  Ross"  Patent  Gauge  Cock. 

1039  Jos.  Heginbothom,  Philadelphia,  Swann's  Patent  Safety  Valve. 

955  Geo.  Sumner,  "  Steam  Regulating  Valve. 

419  Chapman  Valve  Alfg.  Co.,  Boston,  Mass.,  Chapman  Valve. 

977  E.  Schmidt,  Philadelphia.  Steam  Guage. 

1301  E.  H.  Ashcroft,  Boston,  Mass.  Pop  Safety  Valve,  nickel  seated. 

1286  E.  H.  Ashcroft,       "  "  Self-Testing  Steam  Gu.age. 

XXX. — 3Iusical  Instruments. 

SILVER  -MEDAL. 

769     Wm.  F.  Seefeldt,  Philadelphia,  Quartette  of  ISrass  Instruments. 

BRONZE  MEDAL. 

66     SchomacKer  Piano  Mfg.  Co.,  Philadelphia.  Square  Piano.  No.  10,391. 
1314     A.  B.  Felt  &  Co.,  Philadelphia,  for  Horace 

Waters  &  Son,  Mfrs.,  New  York,  Cabinet  (reed)  Organ,  No.  31,960. 

641     Jno.  Albert,  Philatlelphia,  Stringed  Instruments. 

HONORABLE  MENTION. 

236     Albert  Sclioenhut,  Philadelphia.  Toy  Piano  and  .Melloplione. 

778     Rosewig  &  Stoll,  Philadelphia,  for  A.  M. 

Mcl'liail  &  Co.,  Mfrs.,  Boston,  Square  Piano,  No.  11,130. 

402     Preslien  &  Berwind,  Philadelphia,  Square  Piano,  No.  702. 

354     Albrccht  &  Co.,  "  Square  Piano,  No.  1265. 

XXXI. — Paints,  Colors,  Varnishes,  Etc. 

SILVER  MEDAL. 

965     Harrison  Pro's  &  Co.,  Pliiladelphia,  Case  of  Colors. 

1155     L.  Martin  &  Co.,  •'  Lamp  Black. 

BRONZE  MEDAL. 

612     Bilin  &  Co.,  Philadelphia,  Lamp  Black. 
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XXXII. — Paper  Hangings. 

SILVER  MEDAL. 

555     A.  Goth  &  Co.,  Bethlehem,  Pa.,  Oil  Painted  Wall  Papers  &  Frescoes. 

BRONZE  MEDAL. 

451     Howell  &  Bro's,  Philadelphia,  Excellence  in  Cheap  Paper  Hangings. 

554     Nagle,  Cooke  &  Ewing,  Philadelphia,  Fine  Selection  of  Wall  Papers  and  ar- 

tistic taste  in  hanging. 

XXXIII. — Philosophical,   Optical  and  Mathematical  Instruments. 

SILVER  MEDAL. 

1152  Becker  &  Son,  N.  Y.  Balances  of  precision. 

1235  D.  R.  Walker,  Phila.,  Fire  Alarm  Telegraph. 

1251  J.  W.  Queen  &  Co.,  Philadelphia,  Edgerton's  Self-condensing  gas  Cyl'r. 

482  *Joseph  Zentmayer,  Philadelphia,  Microscopes  and  Objectives. 

969  L.  J.  Marcy,  Philadelphia,  Sciopticon. 

849  Albert  G.  Busby,  Philadelphia,  Stereopticon. 

1273  T.  A.  Wilson  &  Co.,  Reading,  Pa.,  Arundel  Tinted  Spectacles. 

1051  Galvano  Faradic  Mfg.  Co.,  New  York,         Galvano-therapeutic  Apparatus. 

865  Wni.  G.  A.  Bonwill,  Philadelphia,  Electro  Magnetic  Mallet. 

1255  Am.  District  Telegraph  Co.,  New  Yo  k.       Improved  Burglar  Alarm  Apparatus. 

127  Heller  &  Brightly,  Philadelphia,  Surveying  Instruments. 

823  W.  J.  Young  &  Sons,  Philadelphia,  Coast  Surveying  Instruments. 

1254  J.  W.  Queen  &Co.,  Philadelphia.  Eaton's  direct  vision  Spectroscope. 

BRONZE  MEDAL. 

3058  Caspar  W.  Briggs,  Philadelphia.  Magic  Lantern  Slides. 

600  Thos.  E.  Cornish,  "  House  and  Hotel  Annunciators. 

1204  Wm.  J.  Phillips,               *'  Printing  Telegraph  Insti-ument. 
497  Shive  Governor  Co.,  Bethlehem,  Pa.,  Shive's  Watchman's  Clock. 

HONORABLE    MENTION. 

369     J.  B.  Shannon,  Philadelphia,  Electro  Mag.  Annunciator  for  Hotels. 

1205  Wm.  Hockhauser,  New  York,  Morse  Tel.  Register,  (self-starting.) 

1174  I.  P.  Fries,  Relay  Switch  Founder,  ")  t>   „        i   *     ^i      n         -^i 

TOO  J  Ti  m  in -ii-     '  T1  i  n     '  i  rr  i  \   \v       I  Referred  to  the  Committee  on 

1284  E.  T.  Phillips  Pat.  Covd  Telegraph  Wire,  >  o  •  i  ^i      a   ^     ^     r.        . 

iAir\  n-i        i     '    rr    i-       nr     i-       *=     ^  '  1  bcicnce  and  the  Arts  for  Exam  n. 

1410  Thurston  s  Testing  Machine,  ) 

XXXIV. — Printing  and  I'ypography. 

SILVER  MKDAL. 

059     Jno.  T.  Graham  &  Co.,  Philadelphia,  Sholes  &  Glidden  "  Type  Writer." 

463     fBullock  Printing  Press  Co.,  Philada.,        Bullock  Printing  Press.      Built  by 

I.  P.  Morris  &  Co. 
1094     E.  Haughwout  &  Co.,  New  York  City,         Universal  Printing  Press. 

BRONZE  MEDAL. 

1515  Taylor  &  Smith,  Philadelphia,  Engraving  and  Printing  Color  Blockg 

206  Robert  S.  Menamin,  Philadelphia,  Lawrence's  Pat.  Brass  Galley. 

297  "  "  "  Bronstrup  Lithographic  Press. 

1427  Mellor  &  Rittenhouse,       "  Printer's  Composition  Rollers. 

508  Rex  &  Bockius,  "  Goodes' Gem  Self-Ink.  Print.  Press. 

176  Taylor  &  Smith,  "  Photo-Lithographing. 

872  GrafTJros.,  "  Imprv'd  Autographic  Transferable  Ink. 

»  Referred  to  the  Committee  on  Science  and  the  Arts,  with  the  recommendation  of  the 
Elliot  Cresson  Gold  Medal. 

t  Bullock  Printing  Press  referred  to  Ooramittee  on  Science  and  the  Arts,  with  a  recom- 
mendation of  the  Klliott  Cresson  Gold  Medal. 
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HONORABLE  MENTION. 

295     Robt.  S.  Menaniin,  Philadelphia,  Printer's  Chases. 

329     Times  Printing  House,  Philadelphia,  Specimen    of    Ornamental    Letter 

Press  Printing. 
910     J.  W.  Daughaday  &  Co,,         "  Small  hand  Printing  Press. 

1244     Rowley  &  Chew,  "  Specimens  of  Wood  Block  Printing. 

1450     Samuel  P.  Ferree,  "  Specimens  of  Printing  from   5  color 

Chromo  type  Cyl.  Printing  Presses. 

XXXV. — Saddlery,  Harness^  Trunks  and  Whips. 

SILVER    MEDAL. 

804     A.  S.  Jenks,  Philadelphia,  Hines'  Pat.  Driving  Bit. 

HONORABLE    MENTION. 

566     Samuel  R.  Phillips,  Philadelphia,  Harness  (Double  and  Single.) 

579     Watt  &  Kennedy,  "  Trunks  for  Mercantile   and    other 

purposes. 
102     S.  H.  Allen  "  Fine  Harness  Ornaments, 

1419     A.  Lynch,  "  Single  and  Double  Harness. 

1304     Boland  Bros.  "  AVood  Hames. 

XXXVI. — Safes,  Bank  Locks  and  Scales. 

SILVER    MEDAL. 

317  Fairbanks  &  Ewing,  Philadelphia,  Railroad  Track  Scales. 

318  "  "  "  Hay  or  Coal  Scales. 
507     H.  Troemner,                       "  Fine  Balances. 

650     Farrel,  Herring  &  Co.,      "  Franklinite  backing  in  Burglar  Proof 

Safes. 
1267     Riehle  Bros.,  "  Charging  Scales. 

BRONZE    MEDAL. 

1191     Moore  &  Mixscll,  Philadelphia,  for  Bran-  Knife  Edges  in  Howe  II.  R.  Track 

don  Manufacturing  Co.,  Scales. 

1264     Riehle  Bros.,  Philadelphia,  Window  Beam  showing  Graduation 

&  Figures  on  top  in  wagon  scales 
1186     Moore  &  Mixsell.     "  New  Arrangement  for   Drop  Lever 

Scales. 
905     W.  Harmar  Thomas,  Steam  Safes. 

HONORABLE     MENTION. 

200     Stewart,  Marks.  Ralph  &  Co.,  Phila.,  Packing  and  Weighing  Machine 

1046     *VVorrall  Bank  Lock  Co.,  Philadelphia..         Bank  Lock. 

XXXVII. — School  Furniture  and  Educational  Appliances. 

SILVER    MEDAL. 

1037     J.  A.  Bancroft  cSc  Co.,  Philadelphia,  H.  L.  Andrews'  Gothic  School  Desks 

and  Seats. 

HONORABLE    MENTION. 

409     John  L.  Smith,  Phila  lelphia.  Map  Case  with  Maps  on  Spr'g  Rollers 

107     .John  H.  Harden,         "  Adjustable  Drawing  Board  Trestle. 

151     1.  Newton  Pierce,       "  Folding  School  Desk  and  Seat. 

XXXVIII. — Soaps  and  Perfumery. 

SILVER    MEDAL. 

0r)4     McKcone,  Van  Haagcn  «&  Co.,  Pliiladii.,       White  Castile,   Toilet  an<l    Laundry 

Soaps. 
855    Arthur  Fricke,  "  Perfumery. 


•Referred  to  the  Committee  on  Science  and  the  Arts  for  examination. 
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BRONZE    MEDAL. 

1124  Wm.  Conway,  Philadelphia,  Laundry  Soaps. 

80  J.  S.  &  T.  Elkinton,     "  Clarified  Soap. 

80  S.  C.  Upham,  "  Centennial  Bouquet  Perfume. 

582  Wm.  Wrigley,  "  Mineral  Scouring  Soap. 

711  W.  II.  Savournin,         "  Lilly  White  Toilet  Powder  and  Rouge. 

HONORABLE    MENTION. 

49     Samuel  Campbell,  Philadelphia,  Extract  of  Hyacinthine. 

XXXIX. — Steam  Heaters,  Heaters,  Ranges,  and  Ventilators. 

SILVER  MEDAL. 

1042     J.  Reynolds  &  Sons,  Philadelphia,  Wrought  Iron  Furnace  for  setting  in 

brick  work. 
.'ifi4     McCoy  &  Roberts,  Philadelphia,  Cold  Case  Hot  Air  Portable  Heater. 

1214     T.  S.  Dixon  &  Sons,  "  Low    Down   and    Elevated    Grates, 

and  Fenders. 

BRONZE  MEDAL. 

1041  J.  Reynolds  &  Sons,  Philadelphia,  Centennial  Hot  Air  Furnace. 

71  D.  Mershon's  Sons,  "  Air  Tight  Russian  Heater. 

87  .Jno.  McConn,  "  Steam  Radiator. 

88  W.  H.  Harrison  &  Bro.,      "  Low   Down   and    Elevated    Grates, 

and  Fenders. 

1224  C.  Burnham  &  Co.,  "  Reflecting  Gas  Stove. 
131G     C.  Gefrorer,                           "  Gas  Heating  Apparatus. 

293  Strow,  Wile  &  Co.,  "  Black  Lead  Crucibles. 

744  Frank  Lawrence,  "  Patent  Tuyere  and  Cupola. 

135  Morris  &  Haines,  Portable  Heater. 

243  Charles  Williams,  Heaters,  Portable  &  set  in  brick  work 

HONORABLE  MENTION. 

509     J.  p.  Hayes  &  Bro.,  Philadelphia,  Rotary  Hot  Blast  Portable  Heater. 

274     Leibrandt  &  McDowell  Co.,  Philadelphia,    Victor  Cooking  Stove. 

1225  C.  Burnham  &  Co.,  "  Gas  Cooking  Stove. 

913  G.  Morgan  Eldridge,  "  Automatic  Stove  Damper. 

1516  Strow,  Wile  &  Co.,  "  Sunnyside  Stove  Polish. 

1395  Adam  Newkumet,  "  Keystone  Stove  Polish. 

798  J.  W.  Middleton,  "  Automatic  Regulator. 

56  Geo.  R.  Barker,  "  Combined  Heating  and  Ventilating 

Apparatus. 

89  W.  H.  Harri.son  &  Bros.,  Warm  Air  Furnaces. 

XL. — Miscellaneous. 

SILVER  MEDAL. 

094  *Henry  R.  Heyl,  Philadelphia,  Patent  Wire-Fastened  Paper  Boxes. 

525  H.  H.  Peacock,  "  Inlaid  .Jewel  Caskets. 

233  Geo.  F.  Kolb,  "  Morocco  and  Velvet  Jewel  Cases. 

154  C.  F.  Rumpp,  "  Fancy  Leather  Goods. 

BRONZE  MEDAL. 

G8     N.  M.  Kerr  &  Co.,  Philadelphia,  Paper  Boxes  for  Jewelry,  etc. 

558     Chas.  Rumpp,  "  Fancy  Leather  Goods. 

HONORABLE  MENTION. 

1453     ThosT  I^Iusgrove  &  Co.,  Philadelphia,  Patent  Paper  Boxes. 

,348     Edw'd  Wattis,  Jr.,  "  Patent  Pocket  Flasks. 

830     Jacob  Hoffman  &  Son,  "  Pearl  Handles,  Studs,  and  Buttons. 


*  Referred  to  Committee  on  Sciences  and  the  Arts,  with  the  recommendation  of  the  award 
of  the  Scott's  Legacy  Medal  and  Premium. 
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COMPOUND  AND  NON-COMPOUND  ENGINES.^ 


By  Chas.  E.  Emery,  C.  E. 


Messrs.  Editors: — The  experiments  with  the  "Bache"  form  part  of  an  extended 
series  of  investigations  with  steam  machinery  of  various  kinds,  made  to  ascertain  the 
best  means  of  securing  economy  of  fuel.  The  experiments  were  commenced  by  the 
writer  (then  an  Assistant  Engineer  in  the  U.  S.  Navy)  in  the  year  1866,  and  were 
continued  in  connection  with  the  Novelty  Iron  Works,  New  York,  where  a  special 
apparatus  was  fitted  up  for  the  purpose.  [The  experiments  were  entirely  independ- 
ent of  those  the  Government  had  in  progress  at  the  same  time.]  Among  other  results 
it  was  in  due  time  developed  that  the  compound  engine  furnished  one  of  the  best 
practical  means  of  securing  economy  of  fuel,  but  the  proprietors  of  the  Novelty  Iron 
Works  decided  to  close  the  establishment  in  the  winter  of  '69-' 70,  and  nothing  further 
was  done  at  the  time. 

The  results  then  obtained  showed  with  considerable  accuracy  the  law  of  variation 
in  the  cost  of  the  power  due  to  the  changes  of  the  steam  pressure  and  degree  of  ex- 
pansion, with  other  matter  of  importance,  which,  coming  to  the  attention  of  Capt.  C. 
P.  Patterson,  then  connected  with,  now  Superintendent  of  the  U.  S.  Coast  Survey,  so 
interested  him  that  he  made  arrangements  to  provide  the  means  required  to  complete 
the  trials  on  the  plan  originally  intended.  The  experimental  machinery  was  in  part 
purchased  in  the  general  sale  at  the  Novelty  Works,  and  after  being  reconstructed  the 
experiments  were  in  due  time  proceeded  with,  though  the  loss  of  the  skilled  work- 
men and  facilities  of  the  Novelty  Works  was  severely  felt  and  caused  unexpected 
expenses  and  delay.  Messrs.  Ilecker  &  Bro.,the  well-known  millers,  with  character- 
istic public  spirit  rendered  valuable  assistance  by  providing  a  location  for  the  machin- 
ery, with  use  of  boilers,  pumps,  etc. 

These  experiments  included  a  trial  of  nearly  every  possible  change  of  arrangement 
and  condition  to  which  simple  and  compound  engines  could  be  put  in  relation  to  steam 
pressure,  expansion,  use  of  steam  jackets,  etc.  Upon  completing  the  principal  com- 
putations it  was  found  desirable  to  ascertain  the  nature  of  the  change  in  result  due  to 
increasing  the  size  of  engines  of  the  same  general  character.  Other  experiments  with 
which  I  had  been  associated  furnished  part  of  the  necessary  data,  but  to  still  further 
complete  the  investigation,  with  the  consent  of  the  Superintendent  of  the  Coast  Sur- 
vey practical  experiments  were  made  with  the  machinery  of  the  U.  S.  Coast  Survey 


*  Report  of  Experiments  made  with  the  Steam  Machinery  of  the  U.  S.  Coast  Sur- 
vey Steamer  "  Hache,'  under  the  geoeral  direction  of  Charles  E.  Emery,  Consulting 
Engineer.  (Publishc<l  by  permission  of  the  Superintendent  of  the  U.  S   CoastSurvcy.l 
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Steaiiiei's  "  Blake'"  and  '•  Baclie  "  corresponding  to  some  of  those  with  the  experi- 
mental apparatus. 

The  pressure  of  professional  duties  has  prevented  me  from  promptly  completing  the 
arrangement  and  discussion  of  the  many  hundred  experiments  with  the  deductions 
due  to  the  numerous  changes  of  condition,  but  the  results  will  as  soon  as  possible  be 
reported  to  the  Superintendent  of  the  Coast  Survey  and  promptly  published. 

The  information  derived  from  the  trials  of  the  experimental  machinery  was  utilized 
in  some  degree  in  designing  the  machinery  for  the  U.  S.  Revenue  Steamer  ''Rush," 
and  it  having  been  found  expedient  to  put  machinery  of  diflterent  kinds  in  the  two 
sister  vessels,  the  "Dexter"  and  "Dallas,"  there  resulted  therefrom  the  series  of 
trials  of  said  vessels  by  a  .Joint  Board  of  Naval  and  Revenue  Marine  Officers  under 
the  general  direction  of  Chief  Engineer  Loring,  U.  S.  N.,  and  myself.  C.  E.  E. 

New  York,  Xovemher,  1874. 


DESCRIPTION    OF    THE,  MACHINERY. 

The  engine  and  hull  of  the  "Bache"  were  built  in  the  year  1870, 
by  Messrs.  Pusey,  Jones  &  Co.,  of  Wilmington,  Delaware.  The  en- 
gine was  designed  by  Mr.  Emery,  the  Consulting  Engineer,  and  is  of 
the  steepled  compound  type,  the  larger  cylinder,  which  is  steam 
jacketed,  being  supported  vertically  upon  frames  as  in  ordinary  verri- 
cal  engines.  The  smaller  cylinder,  which  is  not  steam  jacketed,  is 
supported  above  the  other  by  four  side  columns.  The  pistons  are 
attached  to  the  same  piston  rod.  Suitable  pipes  and  valves  are  pro- 
vided, so  that  the  live  steam  can  be  supplied  to  the  larger  cylinder 
and  excluded  from  the  smaller,  the  former  then  working  as  a  single 
engine.  0;'dinarily.  when  operating  as  a  compound  engine,  the  steam 
from  upper  cylinder  passes  to  the  chest  of  the  lower  througb  a  large 
pipe,  no  pains  having  been  taken  to  reduce  the  intermediate  space,  as 
the  distribution  of  power  between  the  two  cylinders  can  easily  be 
regulated  by  the  adjustable  cut-oif  on  the  larger. 

Steam  is  distributed  to  each  cylinder  by  a  short  slide  valve  at  each 
end,  and  for  botli  cylinders  there  are  independently  adjustable  cut-off 
plates  on  the  back  of  the  main  valves.  The  valve  faces  of  the  upper 
cylinder  are  carried  out  so  that  the  valves  of  both  cylinders  are  ope- 
rated by  continuous  stems,  but  the  ports,  which  lead  directly  out 
from  the  clearances,  are  shorter  than  usual  for  the  upper  cylinder 
and  of  the  least  possible  length  in  the  lower  cylinder.  The  engine 
is  provided  with  a  surface  condenser.  Tlie  air  pump  is  operated 
through  the  usual  levers  from   the  main  crosshvad.      The  circulating 
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pump  is  of  the  centrifugal  pattern,  operated  by  a  small  independent 
engine,  directly  connected. 

The  boiler  is  of  the  Scotch  return  tubular  type,  and  of  sufficient 
strength  for  a  steam  pressure  of  one  hundred  pounds,  according  to 
U.  S.  laws,  though  ordinarily  worked  at  eighty  pounds  pressure.  It 
is  provided  with  a  steam  chimney  arranged  above  the  front  connec- 
tion in  the  usual  manner  and  connected  to  the  boiler  by  a  large  tube. 

The  following  are  the  principal  dimensions  of  the  machinery  : 


Diameter  of  Cylinders,  inches, 

Diameter  of  Piston  Rods,    " 

Stroke  of  Pistons,  " 

Size  of  Cylinder  Ports,      " 

Ratio  of  Piston  Displacement  to  Capacity  1 


ENGINE. 

High  Pressure. 

Low  Pressure 

. 

15-98 

25- 

, 

2-5 

3-625 

, 

24-00 

24-00 

. 

9X11 

IBXli 

■0486 


0405 


of  Clearance  and  Passages, 
Comparative  effective  Capacities  of  the  two  1     /  1-00  2-4o98    1 

Cylinders,  /     I    -40987     1-00        J 


Ratio  capacities  of  Cylinders  to  capacities 
of  Intermediate  Chambers  and  Passasres 


2-6272      1-0768 


BOILER. 

Diameter,      ....... 

Length,  ....... 

Inside  diameter  of  Furnace  Flues, 

Tubes,  90  in  number,  9  ft.  9   inches  long  and  3  in 

Grate  Surface,       ...... 

Calorimeter  or  area  through  tubes  for  draft. 
Water  Heating  Surface,  .... 

Steam  Heating  Surface,         .... 

Ratio  Grate  Surface  to  Calorimeter, 
Ratio  Heating  to  Grate  Surface, 
Ratio  Heating  Surface  to  Calorimeter, 
Ratio  Calorimeter  to  Steam  Space,  (9  inches  water 
above  tubes,)      ...... 


8  ft.  2  inches. 
12  ft. 

34  inches, 
dies  in  diameter. 
31-16  sq.  ft. 
378      " 
950-10      " 
54-32      " 
8-25      " 
30-50      " 
252-02      " 

48-80      " 


MANNER    OF    CONDUCTING    THE    EXPERIMENTS. 

The  trials  were    made   with   the   vessel  secured  to  the  dock.     A 
double  tank  of  iron  for  measuring  the  water  delivered  from  the  surface 
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condenser  was  placed  on  the  main  deck  in  the  gangway  abreast  of 
the  engine,  and  a  pipe  with  regulating  cock  in  the  same  led  from  each 
compartment  to  a  tank  in  the  hold,  from  which  the  water  was  withdrawn 
by  the  engine  feed  pumps. 

The  water  was  delivered  to  the  measuring  tank  directly  by  the  air 
pump  through  a  pipe  with  flexible  termination,  which  could  be  directed 
into  either  compartment  of  tank.  Each  compartment  heldby  calculation 
very  nearly  ten  cubic  feet,  at  the  height  of  a  central  overflow  partition, 
but  the  exact  capacity  was  ascertained  by  weighing  water  into  same 
of  the  average  temperature  of  the  feed.* 

The  measurement  was  made  by  filling  one  compartment  until  it 
overflowed  into  the  other,  which  had  been  previously  emptied  ;  the 
supply  was  then  changed  to  the  latter,  and  when  the  surplus  water  in 
first  had  run  off",  that  compartment  was  emptied,  and  cock  on  bottom 
of  same  closed  in  time  to  receive  the  overflow  from  the  other,  the  op- 
eration being  repeated  alternately  with  each  compartment. 

To  prevent  the  misplacing  of  the  cocks  the  attendant  gave  no- 
tice when  each  compartment  was  nearly  full,  and  when  the  water  first 
broke  over  the  partition  a  signal  was  given  and  the  reading  of  engine 
counter  was  noted.  A  comparison  of  the  diff'erences  of  successive 
readings  and  constant  attendance  of  two  persons  eff"ectually  prevented 
errors.  On  the  next  even  minute  after  filling  a  tank  the  reading  of 
engine  counter  was  again  taken,  also  the  usual  engine  room  data  and 
the  duration  of  experiments  was  fixed,  so  far  as  measurements  were 
concerned,  by  the  tank  intervals  and  in  respect  to  speed  by  the  near- 
est time  intervals. 

By  this  plan  the  officer  on  watch  had  but  one  thing  to  do  at  a  time  ; 
the  principal  calculations  were  left  for  office  work  ;  the  experiment 
could  be  held  to  start  and  stop  at  such  records  as  best  showed  the 
uniformity  of  condition  desired  for  an  experiment,  and  an  interrupted 
run  be  accurately  calculated  up  to  the  end  of  the  tank  interval  imme- 
diately preceding  the  interruption. 

Indicator  Diagrams  were  taken  every  twenty  minutes. 

The  water  level  in  boiler  was  noted  every  time   a  tank  was  filled, 

but  did  not  vary  appreciably,  as  the  condenser  was  quite  tight  and  all 

leaks  were  of  a  trifling  nature.     The  condensed  water  from  jackets  and 

intermediate  chamber  was  collected  and  weighed  in  separate  vessels, 

*[An  illustrated  description  of  this  tank  will  appear  in  the  March  number. — Ed.] 
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and  emptied  into  the  tank  from  which  the  boiler  was  at  the  time 
being  fed. 

One  experiment  was  made  of  sufficient  length  to  determine  accu- 
rately the  evaporation  of  the  boiler ;  and  it  having  been  shown  that 
the  water  measurement  was  substantially  the  same  from  hour  to  hour 
when  the  conditions  remained  uniform,  the  opportunity  was  embraced 
to  try  a  number  of  experiments  of  short  duration  showing  the  results 
under  varied  conditions,  using  the  water  measurement  only.  Previous 
to  the  evaporation  trial,  a  quantity  of  coal  was,  in  the  presence  of  an 
officer,  measured  into  a  distinct  portion  of  the  coal  bunkers,  and  the 
remainder  of  the  bunkers  boarded  up.  From  this  measured  quantity 
the  coal  was  taken  as  required  for  the  fires,  and  each  bucket  made  to 
balance  accurately  a  fixed  weight  on  a  scale.  The  weighing  was  done 
by  a  careful  machinist  who  had  no  knowledge  of  the  quantity  origin- 
ally measured. 

In  the  first  experiment  tried  in  this  way  the  two  methods  of  de- 
termining the  quantity  did  not  agree,  and  the  coal  measurement  was 
rejected.  Upon  repeating  the  experiment  there  was  a  very  close 
agreement,  so  the  weighed  quantity  was  adopted  as  correct. 

The  coal  used  was  anthracite  of  fair  quality. 

The  results  of  these  experiments  are  shown  in  the  following  table, 
which  is  in  such  form  that  little  explanation  will  be  necessary.  See 
supplementary  sheet. 

It  will  be  observed  that  the  experiments  are  arranged  by  the  degree 
of  expansion,  under  four  general  titles,  two  referring  to  the  engine 
when  compounded,  and  two  to  experiments  with  large  cylinder  when 
used  separately ;  trials  being  made  in  each  case  at  different  degrees 
of  expansion  with  and  without  using  the  steam  jackets  on  the  large 
cylinder.  All  the  experiments  were  made  with  an  approximate  steam 
pressure  of  80  pounds,  except  the  last. 

The  actual  performances  will  be  found  in  lines  46  to  58  inclusive. 
The  previous  lines  showing  the  several  observed  and  calculated  quan- 
tities upon  which  the  performances  are  based.  The  weights  of  water 
withdrawn  from  the  jackets  and  intermediate  chamber  are  separately 
set  forth,  also  the  percentage  which  these  quantities  form  of  the  total 
water  used.  The  water  collected  from  jackets  and  intermediate 
chamber  having  been  evaporated  in  the  boiler  is  in  all  cases  included 
in  making  up  line  35,  showing  the  total  weight  of  water  used  per 
hour,  upon  which  the  cost  of  the  power  is  based. 
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The  quantities  which  will  probably  be  found  most  convenient  for 
comparison  are  those  shown  in  line  46,  viz.:     the  Actual  Weight  of 
Water  used  per  Indicated  Horse  Power  per  Hour. 
To  Capt.  C.  p.  Patterson, 
Supt.  U.  S.  Coast  Survey, 
Neiv  York,  August,  1874. 

CHAS.  E.  EMERY, 

Consulting  Engineer  U.  S.  Coast  Survey. 


REMARKS  ON  THE  EXPERIMENTS  MADE  WITH  A  SMALL  NON-CONDENSING 

STEAM-ENGINE  BY  B.  DONKIN  &  CO.,  LONDON,  SHOWING  THE  RELATIVE 

ECONOMIC  EFFICIENCY  OF  STEAM-JACKETING,  AND  OF  USING 

STEAM  WITH  DIFFERENT  MEASURES  OF  EXPANSION. 


By   Chief  Engineer  B.   F.   Isheewood,  U.   S.  Navy. 


[Continued  from  Vol.  Ixix,  page  28.] 


THE  ECONOMY  OF  THE  STEAM  JACKET. 

As  in  the  case  of  using  steam  with  different  measures  of  expansion, 
so  in  that  of  using  the  steam-jacket,  the  economy,  though  always  in 
favor  of  the  steam-jacket,  will  be  found  to  vary  in  quantity  with  the 
ratio  of  the  mean  total  pressure  to  the  back  pressure,  and  with  the 
absolute  mean  total  pressure  ;  but  the  economy  is  not  affected  by  the 
measure  of  expansion  used,  provided  the  mean  total  pressure  and  the 
back  pressure  are  constant.  The  greater  the  ratio  of  the  mean  total 
pressure  to  the  back  pressure,  ceteris  paribus,  the  greater  the  economy 
of  the  steam-jacket ;  and  the  less  the  absolute  mean  total  pressure, 
ceteris  paribus,  the  greater  the  economy  of  the  steam-jacket.  For 
example:  In  the  case  of  using  the  steam  with  the  measure  of  expan- 
sion due  to  cutting  it  off  at  f  of  the  stroke  of  the  piston,  columns  A 
and  B,  we  find,  making  the  comparison  for  the  cost  of  the  total 
horse-power  in  pounds  of  feed-water  consumed  per  hour  that,  when 
steam  was  in  the  jacket  this  cost  was  34  083  pounds,  and  when 
steam  was  not  in  the  jacket,  40-076  pounds,  showing  an  economy  of 

.40-076  — 34-083  X  TOO  \       ,  .  ^.  ^       .    „  fa     •     i    . 

/ 1  :=  14-'Jo  per  centum  in  lavor  or  the  jacket, 

V  40-07(3  /  ^  J  ' 
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assuming,  for  unity,  the  cost  without  the  jacket.  If,  now,  a  similar 
comparison  be  made  for  the  experiment  in  columns  E  and  F,  in  wliich 
the  same  back  pressure  and  nearly  the  same  mean  total  pressure  existed 
as  in  experiments  A  and  B,  but  in  which  the  measure  of  expansion  used 
was  that  due  to  cutting  off  at  |  of  the  stroke  of  the  piston,  we  find 
the  cost  of  the  total  horse-power,  with  stenm  in  the  jacket,  to  be 
39-428  pounds  of  feed-water  consumed  per  hour,  and  without  steam 
in  the  jacket  46016  pounds,  showing   an  economy  in  favor  of  the 

.     1    ,    .  /46-016  — 39-428  X  100  \        ,  ,  .,.  ,  , 

lacket  of  (  1  =  14-^2  per  centum,  or  almost 

**  V  46-Ui6  /  ^ 

exactly  the  same  as  when  with  the  same  pressures  the  steam  was  cut 
off  at  I  of  the  stroke  of  the  piston  in  experiments  A  and  B.  Ilc.ice, 
it  appears  that,  ceteris  paribus,  the  economy  of  the  steam-jackLt  is 
not  affected  by  the  measure  of  expansion  with  which  the  steam  is 
used. 

In  the  case  of  experiments  C  and  D,  in  which  the  steam  was  cut  off  at 
f  of  the  stroke  of  the  piston  as  in  experiments  E  and  F,  and  in  which 
the  back  pressure  was  the  same,  but  in  which  the  mean  total  pressure 
was  greatly  higher,  making  also  the  ratio  of  the  mean  total  pressure 
to  the  back  pressure  much  higher,  the  effect  of  this  higher  mean  total 
pressure  and  its  higher  ratio  to  the  back  pressure  becomes  very  ap- 
parent in  the  reduction  of  the  economy  of  the  steam  jacket.  Making 
the  comparison  for  the  cost  of  the  total  horse-power  in  pounds  of  feed- 
water  consumed  per  hour,  we  find  it  when  steam  is  in  the  jacket,  to  be 
39*008  pounds,  and  when  steam  is  not  in  the  jacket,  43-039  pounds, 

,      .                          I-     .1     •    1    .    f      1     /43-0.39  -  39-008  X  lOOx 
snowing  an  economy  tor  the  jacket  or  only  I — ■ j 

=  9-04  per  centum,  instead  of  14-32  per  centum,  as  in  the  ca.>e  of 
experiments  E  and  F,  made  with  the  same  measure  of  expansion,  but 
with  different  mean  total  pressure, 

Tlie  amount  of  economy  given  by  the  steam-jacket,  as  determined 
for  the  total  horse-power,  is  no  indication  of  its  amount  for  the  net 
horse-power,  that  amount  being  sometimes  greater  and  sometimes 
smaller  for  the  net  horse-power  than  for  the  total  horse-power,  accord- 
ing to  the  conditions  of  the  case.  For  example  :  in  experiments  A 
and  B  the  cost  of  the  net  horse-power  in  pounds  of  feed-water  con- 
sumed per  hour  when  steam  was  in  the  jacket  was  60  632  pounds,  and 
ween  steam  was  not  in  the  jacket,  78-128  pounds,  showing  an  economy 
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f/78-128  — 60-732  xlOOx       .^o  o-  .       ^     .1      •     ,    .   • 

ol  ( .  )  =  'll-'li    per  centum  for  the   lacket,  in- 

stead   of  l-t-Qo  per  centum,  as   given  when  computed  for   the  total 

horse-power. 

Again,  in  the  case   of  experiments   C  and  D,  the  cost  of  the  net 

horse-power,  when  steam  was  in   the  jacket,  was  55'890   pounds  of 

feed-water  consumed  per  hour,  and  when  steam  was  not  In  the  jacket, 

praco          A      x.     •                            e  /65-998  — 55-890  X 100  \ 
oo-yyo  pounds,  showing  an  economy  of  ( —  — )  = 

15-32  per  centum  for  the  jacket,  instead  of  9-04  per  centum  as  given 
when  computed  for  the  total  horse-power. 

Finally,  in  the  case  of  experiments  E  and  F,  the  cost  of  the  net 
horse-power  when  steam  was  in  the  jacket,  was  81-527  pounds  of  feed- 
water   consumed  per  hour,  and  when  steam  was  not  in  the  jacket, 

01  100           IT-                             p/91-133  — Sl-5-27  X  100\ 
yi-ld-i  pounds,  showing  an  economy  or  1 — 1= 

10-54  per  centum  for  the  jacket,  instead  of  11-32  per  centum,  as 
given  when  computed  for  the  total  horse-power. 

Of  course,  the  commercial  value  of  the  steam-jacket,  like  the  com- 
mercial values  of  the  different  measures  of  expansion,  is  that  which  is 
given  for  the  net  horse-power,  and  its  amount  depends  entirely  upon 
the  conditions  of  the  case,  each  problem  requiring  a  particular  solu- 
tion. 

THE  QUANTITY  OF  STEAM  CONDENSED  IN  THE  JACKET  TO  FURNISH 
THE  HEAT  IMPARTED  TO  THE  CYLINDER. 

The  purpose  of  the  steam-jacket  is  to  furnish  heat  to  the  cylinder, 
and  thereby  prevent  the  condensation  of  steam  within  the  same.  This 
heat  can  only  be  obtained  by  the  condensation  of  steam  in  the  jacket, 
and  the  experiments  enable  us  to  determine  for  the  experimental  con- 
ditions, the  weight  of  steam  thus  condensed  in  the  two  cases  of  using 
the  steam  with  measures  of  expansion  due  to  cutting  it  of  at  f  and  at 
f  of  the  stroke  of  the  piston. 

The  experimental  data,  line  5,  give  30  pounds  for  the  weight  of 
steam  condensed  per  hour  by  externa]  radiation  from  the  steam-pipe 
and  steam-jacket,  when  the  engine  was  not  in  operation,  but  the  jacket 
remained  filled  with  steam  of  the  boiler  pressure,  and  this  quantity 
was  constant.  The  data  also  gives  the  weight  of  steam  condensed 
per  hour  in  the  steam-jacket  when  filled  with  steam  of  the  same  boiler- 
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pressure,  but  Avith  the  engine  in  operation,  line  6,  consequently  the 
subtraction  of  the  former  from  the  latter  quantity  gives  the  weight  of 
steam  condensed  in  the  jacket  to  furnish  the  heat  imparted  to  the 
cylinder  and  acting  for  the  prevention  of  condensation,  within  the 
same. 

During  experiment  A,  when  the  steam  was  cut  off  at  ^-  of  the 
stroke  of  the  piston,  the  quantity  of  heat  imparted  to  the  cylinder  by 
the  steam-jacket,  was  the  quantity  measured  by  the  condensation  per 
hour  of  (53-333 — 30*000:=)  23-333  pounds  of  steam  of  the  boiler 
pressure  ;  or,  as  the  latent  heat  of  the  boiler-pressure  (45  pounds  per 
square  inch  above  the  atmosphere;  is  908*418  units,  there  were  im- 
parted per  hour  to  the  cylinder  by  the  jackets  (23-333  X  908-418=) 
21196  420  units  of  heat. 

During  experiment  C,  when  the  steam  was  cut  off  at  f  of  the  stroke 
of  the  piston,  the  quantity  of  heat  imparted  to  the  cylinder  by  the 
steam-jacket,  was  the  quantity  measured  by  the  condensation  per 
hour  of  (47-G36  — 30000=)  17-63G  pounds  of  steam  of  the  boiler- 
pressure,  or  there  were  imparted  per  hour  to  the  cylinder  by  the 
jacket  (17-63G  X  908-418  =  )  16020.860  units  of  heat. 

During  experiment  E,  when  the  steam  was  cut  off  at  g  of  the  stroke 
of  the  piston,  the  quantity  of  heat  imparted  to  the  cylinder  by  the 
steam-jacket,  was  the  quantity  measured  by  the  condensation  per 
hour  of  (47-000  — 30-000=)  17-000  pounds  of  steam  of  the  boiler- 
pressure,  or  there  were  imparted  per  hour  to  the  cylinder  by  the 
jacket  (17-000  X  908-418=)  15443-106  units  of  heat. 

The  great  efficiency  of  the  steam-jacket  in  economizing  the  steam, 
will  appear  from  the  following  considerations ;  taking,  first,  the  data 
of  experiment  A,  in  which  the  steam  is  cut  off  at  ^  of  the  stroke  of 
the  piston.  If,  in  that  experiment  we  deduct  from  the  weight  of  feed- 
water  pumped  into  the  boiler  per  hour,  the  weight  of  steam  condensed 
per  hour  by  external  radiation,  and  divide  the  remainder  by  the  total 
horse-powers  developed  by  the  engine,  we  shall  obtain  for  the  cost  of 

,,     ..11  /361-244  — 30-000      \  qi  o-o  i     rr    i 

the  total  horse-power  f =  I  6\-lol  pounds  ot  leed- 

^  V  10-599  /  ^ 

water  consumed  per  hour.     Taking,  now,  the  data  of  experiment  B, 

and  performing  the  same  calculation,  we  obtain  for   the  cost  of  the 

,,,,                      /354-155  — SOOOO      \  ..n  cq^  i      rr     i       . 

total  horse-power  ( =  )  ^0-6(52  pounds  ot  iced-water 

consumed  per  hour.     The  difference  of  5-430  pounds  in  these  two 


114  Civil  and  Mechanical  Engineering. 

cases  is  due  entirely  to  the  heat  imparted  by  the  jacket  to  the  cylin- 
der, and  for  the  10'599  total  horse-powers  developed  by  the  engine 
during  experiment  A,  would  amount  to  (10-599  X  5.430  =  )  57'55257 
pounds  per  hour,  and  as  the  total  heat  of  the  steam  of  the  boiler  pres- 
sure is  1203-0762  units,  while  the  temperature  of  the  back  pressure  is 
210*33  degrees  Fahrenheit,  the  units  of  heat  in  this  quantity  of  steam 
would  be  (986-7463  X  57-55257=)  56789-785,  and  the 'waste  of  this 
quantity  of  heat  in  the  cylinder  by  the  condensation  therein  of  the 
steam  due  to  other  causes  than  the  production  of  the  power,  is  pre- 
vented by  the  condensation  of  a  sufficient  quantity  of  steam  in  the 
jacket  to  furnish  21196"420  units  of  heat,  as  previously  shown. 

Again,  in  the  case  of  experiment  C,  in  which  the  steam  is  cut  off  at 
I  of  the  stroke  of  the  piston,  if  we  deduct  from  the  weight  of  feed- 
water  pumped  into  the  boiler  per  hour,  the  weight  of  steam  condensed 
per  hour  by  external  radiation,  and  divide  the  remainder  by  the  total 
horse-powers  developed  by  the  engine,  we  shall  obtain  for  the  cost  of 

.1     ..11  /562-145  — 30-000      \  q«  qo«  ^      ee     ^ 

the  total  horse-power  ( =  )  oo-yzo  pounds  oi  teed- 

^  V  i4-4ii  / 

water  consumed  per  hour.     Taking,  now,  the  data  of  experiment  D, 

and  performing  the   same  calculation,  we  obtain  for  the  cost  of  the 

total  horse-power  (' ~ ='S  40-718    pounds    of    feed- 

^  ^         12-927  /  ^ 

water  consumed  per  hour.  The  difference  of  3-792  pounds  in  these 
two  cases  is  due  entirely  to  the  heat  imparted  by  the  jacket  to  the 
cylinder,  and  for  the  14-411  total  horse-powers  developed  by  the 
engine  during  experiment  C  would  amount  to  (14-411  X  3*792=) 
54*646512  pounds  of  feed-water  consumed  per  hour,  and  as  the  total 
heat  of  the  steam  of  the  boiler  pressure  is  1203-0762  units,  while  the 
temperature  of  the  back  pressure  is  216-33  degrees  Fahr,,  the  units 
of  heat  in  this  quantity  of  steam  would  be  (986*7463  X  54-646512=) 
53922  243  ;  and  the  waste  of  this  quantity  of  heat  in  the  cylinder  by 
the  condensation  therein  of  the  steam  due  to  other  causes  than  the 
production  of  the  power,  is  prevented  by  the  condensation  of  a  suffi- 
cient quantity  of  steam  in  the  jacket  to  furnish  16020-860  units  of 
heat,  as  previously  shown. 

Finally,  in  the  case  of  experiment  E,  in  Avhich  the  steam  is  cut  off 
at  f  of  tlie  stroke  of  the  piston,  if  we  deduct  from  the  weight  of  feed- 
water  pumped  into  the  boiler  per  hour,  the  weight  of  steam  condensed 
per  hour  by  external  radiation,  and  divide  the  remainder  by  the  total 
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horse-powers  developed  by  the  engine,  we  shall  obtain  for  the  cost  of 

.u    ..lu                    /334-667  — 30000      \  or  qqi  a     e  f     -^ 

the  total  horse  power  (  ^ =  j  o5-0£)4  pounds  oi  leed- 

water   consumed   per  hour.     Taking  now  the  data  of  experiment  F, 

and   performing  the  same  calculation,  we  obtain  for  the  cost  of  the 

.  .  1  u  x41 9-6(37  — 30000      \  .o  707  a        f    r     i 

total  horse-power  I   ^)42-7-7     pounds    or     teed- 

^  ^  y-120  ^  ^ 

water  consumed  per  hour.  The  difference  of  6-833  pounds  in  these 
two  cases  is  due  entirely  to  the  heat  imparted  by  the  jacket  to  the 
cylinder,  and  for  the  8*488  total  horse-powers  developed  by  the  engine 
during  experiment  E,  would  amount  to  (8-488  X  6-833=)  57-998504 
pounds  of  feed-water  consumed  per  hour,  and  as  the  total  heat  of  the 
steam  of  the  boiler-pressure  is  1203'0762  units,  while  the  temperature 
of  the  back  pressure  is  216*33  degrees  Fahr.,  the  units  of  heat  in  this 
quantity  of  steam  would  be  (986-7463  X  57-998504=)  57229809; 
and  the  waste  of  this  quantity  of  heat  in  the  cylinder  by  the  con- 
densation therein  of  the  steam  due  to  other  causes  than  the  produc- 
tion of  the  power,  is  prevented  by  the  condensation  of  a  sufficient 
quantity  of  steam  in  the  jacket  to  furnish  15443  106  units  of  heat, 
as  previously  shown.  The  steam-jacket  in  the  case  of  experiment  E, 
is  more  efficient  than  in  experiment  C,  giving  a  greater  economy', 
though  in  both  cases  the  steam  was  cut  off  at  3  of  the  stroke  of  the 
piston.  The  reason  of  this  is  that  the  less  absolute  mean  total  press- 
ure in  experiment  F,  produced  by  throttling,  gave  a  much  greater 
cylinder  condensation  to  be  acted  on  preventively  by  the  steam-jacket. 

The  use  of  the  steam-jacket  when  the  steam  was  cut  off  at  ^  of 
the  stroke  of  the  piston,  effected  for  every  unit  of  heat  imparted  by 
the  jacket  to  the  cylinder,  a  saving  within  the  latter  of  26 (9  units 
by  the  prevention  of  condensation. 

The  use  of  the  steam-jacket  when  the  steam  was  cut  off  at  %  of  the 
stroke  of  the  piston,  and  the  mean  total  pressure  was  about  the  same 
as  when  the  steam  was  cut  off  at  f  of  the  stroke  of  the  piston,  effected 
for  every  unit  of  heat  imparted  by  the  jacket  to  the  cylinder,  a  saving 
within  the  latter  of  3-706  units  by  the  prevention  of  condensation. 

The  use  of  the  steam-jacket  when  the  steam  was  cut  off  at  §  of  the 
stroke  of  the  piston,  and  the  mean  total  pressure  was  about  fifty  per 
centum  greater  than  in  the  preceding  two  cases,  effected  for  every 
unit  of  heat  imparted  by  the  jacket  to  the  cylinder,  a  saving  within 
the  latter  of  3366  units  by  the  prevention  of  condensatioru 
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In  the  preceding  discussion,  the  loss  of  heat  by  external  radiation, 
•when  steam  was  not  in  the  jacket,  has  been  assumed  to  be  the  same 
as  when  steam  was  in  the  jacket,  which  is  not  quite  true,  as  in  the 
former  case  this  loss  must  have  been  much  less,  owing  to  the  consider- 
ably less  surface  exposed  ;  the  assumption,  therefore,  is  against  the 
steam-jacket,  making  its  economic  efficiency  appear  somewhat  less 
than  it  really  is.  I  have  done  the  best  I  could,  however,  with  the 
data  at  my  command,  but  the  reader  must  remember  that  the  engine 
■was  not  properly  designed  for  making  critically  accurate  experiments. 
The  results,  nevertheless,  are  reasonably  correct,  and  are  far  too 
valuable  to  be  rejected  because  all  the  conditions  were  not  just  what 
they  could  have  been  wished. 

THE  QUANTITY  OF  STEAM  CONDENSED  IN  THE  CYLINDER  BY  CAUSES 
OTHER  THAN  DUE  TO  EXTERNAL  RADIATION  AND  TO  THE  PRODUC- 
TION   OF    THE    POWER. 

It  is  very  evident  there  must  always  be  a  condensation  of  steam  in 
a  steam-engine,  due  to  external  radiation  of  heat.  So  long  as  the 
surrounding  atmosphere  is  at  a  less  temperature  than  that  of  the  steam 
Avithin  the  cylinder,  so  long  will  there  be  a  condensation  of  steam,  let 
the  cylinder  be  enveloped  with  what  non-conducting  substance  it  may. 
This  is  an  inevitable  waste  of  steam  in  an  engine  easily  understood, 
and  the  only  question  is  to  reduce  it  as  much  as  possible  by  the  em- 
ployment of  the  best  non-conducting  envelope.  In  the  experimental 
engine,  the  loss  of  steam  from  this  cause  alone  averaged  7  per  centum 
of  the  steam  evaporated  in  the  boiler.  That  is  to  say,  the  condensa- 
tion in  the  steam-pipe  and  engine,  exclusive  of  the  condensation  in 
the  boiler,  averaged  this  quantity. 

It  is  equally  evident  that  there  is  another  cause  of  condensation  in 
steam-engines  just  as  inevitable  as  the  preceding,  and  this  condensa- 
tion, resulting  from  the  necessary  transformation  of  heat  into  the 
total  power  developed,  takes  place  when  the  steam  is  used  without 
expansion,  not  only  in  the  cylinder,  but  in  the  steam-pipe  and  boiler, 
in  fact,  everywhere  between  the  water-level  in  the  latter  and  the 
piston  in  the  former.  When,  however,  the  steam  is  used  with  expan- 
sion, the  condensation  after  the  communication  with  the  boiler  is 
closed,  takes  place  in  the  cylinder  only.  The  shorter  the  cut-off, 
therefore,  the  more  of  this  condensation  takes  place  in  the  cylinder. 

In  experiment  A,  with  steam  in  the  jacket  and  the  cut  off  at  f  of 
the  stroke  of  the  piston,  the  condensation  of  steam  due  to  the  produc- 
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tion  of  the  power  was  8*28  per  centum  of  the  quantity  of  steam 
evaporated  in  the  boiler  ;  but  it  was  9-72  per  centum  of  the  quantity 
of  steam  which  actually  entered  the  cylinder.  Yet  even  after  taking 
account  of  this  condensation  and  of  those  due  to  external  radiation 
and  to  the  impartation  of  heat  by  the  steam-jacket  to  the  cylinder, 
and  also  of  the  quantity  of  steam  exhausted  at  the  end  of  the  stroke 
of  the  piston,  line  22,  there  still  remains  an  unaccounted  for  balance, 
line  26,  of  11-40  per  centum  of  the  quantity  of  steam  evaporated  in 
the  boiler.  How  could  this  large  per  centum  have  escaped  measure- 
ment ?  By  simple  re-evaporation  from  the  cylinder's  inner  surfaces 
and  passage  out  into  the  atmosphere  as  vapor  during  the  exhaust 
stroke  of  the  cylinder.  The  steam-jacket,  efficient  as  it  was,  was  not 
able  to  prevent  this  large  condensation  in  the  cylinder;  and  doubtless 
more  too,  but  the  re-evaporation  of  which,  under  the  lessening  press- 
ure during  the  steam  stroke  after  the  cut-ofi"  valve  closed,  by  means 
of  its  contained  heat  and  that  absorbed  from  the  cj'lindcr's  inner  sur- 
faces, took  place  before  the  end  of  the  stroke  of  the  piston,  and  was 
therefore  measured  in  the  quantity  on  line  22. 

Again,  in  experiment  C,  with  the  steam  in  the  jacket,  and  the  cut- 
off at  I  of  the  stroke  of  the  piston,  the  condensation  of  steam  due  to 
the  production  of  the  power  was  7*24  per  centum  of  the  quantity  of 
steam  evaporated  in  the  boiler  ;  but  it  was  7"91  per  centum  of  the 
quantity  of  steam  which  actually  entered  the  cylinder.  lu  this  case, 
as  in  the  previous  one,  there  still  remains  a  considerable  quantity  of 
steam  unaccounted  for,  after  including  the  condensations  due  to  the 
external  radiation  and  to  the  production  of  the  power,  with  the  quan- 
tity of  steam  exhausted  at  the  end  of  the  stroke  of  the  piston  (line 
22) ;  but  this  unaccounted  for  quantity  is  much  less  with  the  longer  cut- 
off, being  only,  with  the  f  cut-off,  4-45  per  centum  of  the  quantity  of 
the  steam  evaporated  in  the  boiler,  instead  of  the  11-40  per  centum 
with  the  %  cut-off,  showing  that  the  shorter  the  cut-off,  the  greater  is 
the  cylinder  condensation  due  to  other  causes  than  external  radiation 
and  the  production  of  the  power.  As,  in  the  preceding  case,  too,  this 
unaccounted  for  portion  of  condensed  steam  was  re-evaporated  from 
the  inner  cylinder  surfaces  into  the  atmosphere  during  the  exhaust 
stroke  of  the  piston. 

Finally,  in  experiment  E,  with  steam  in  the  jacket,  and  the  cut-off 
at  §  of  the  stroke  of  the  piston,  the  condensation  of  steam  due  to  the 
production  of  the  power  was  7-lG  per  centum  of  the  quantity  of  steam 
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evaporated  in  the  boiler ;  but  it  was  8-33  per  centum  of  the  quantity 
of  steam  which  actually  entered  the  cylinder.  In  this  case,  the  quan- 
tity of  steam  unaccounted  for,  which  was  condensed  in  the  cylinder 
by  causes  other  than  due  to  the  external  radiation  and  to  the  produc- 
tion of  the  power,  and  re-evaporated  into  the  atmosphere  during  the 
exhaust  stroke  of  the  piston,  was  4'90  per  centum  of  the  quantity 
evaporated  in  the  boiler. 

The  preceding  three  determinations  for  experiments  A,  C,  and  E, 
are  for  the  condition  of  steam  in  the  jacket.  When,  however,  there 
is  no  steam  in  the  jacket,  as  in  experiments  B,  D,  and  F,  the  con- 
densation of  steam  in  the  cylinder  by  causes  other  than  those  due  to 
external  radiation  and  to  the  production  of  the  power,  is  very  much 
greater.  In  these  experiments,  too,  as  in  the  preceding  ones,  this 
enormous  quantity  of  steam  after  being  condensed  in  the  cylinder  is 
re-evaporated  into  the  atmosphere  during  the  exhaust  stroke  of  the 
piston. 

For  instance  :  in  experiment  B,  with  no  steam  in  the  jacket,  and 
the  cut-oft"  at  f  of  the  stroke  of  the  piston,  the  condensation  of  steam 
due  to  the  production  of  the  power  was  7 '05  per  centum  of  the  quan- 
tity of  steam  evaporated  in  the  boiler;  but  it  was  7-70  per  centum  of 
the  quantity  of  steam  which  actually  entered  the  cylinder  less  the 
quantity  condensed  by  external  radiation.  In  this  case,  the  quantity 
of  steam  unaccounted  for,  which  was  condensed  in  the  cylinder  by 
causes  other  than  those  due  to  external  radiation  and  to  the  produc- 
tion of  the  power,  and  re-evaporated  into  the  atmosphere  during  the 
exhaust  stroke  of  the  piston,  was  26'41  per  centum  of  the  quantity 
evaporated  in  the  boiler,  or  about  2J  times  as  much  as  in  the  case 
(experiment  A)  when  steam  was  in  the  jacket,  other  tl'ings  being  equal. 

Again,  in  experiment  D,  with  no  steam  in  the  jacket,  and  the  cut- 
off at  §  of  the  stroke  of  the  piston,  the  condensation  of  steam  due  to 
the  production  of  the  poAver  was  6-5G  per  centum  of  the  quantity  of 
steam  evaporated  in  the  boiler;  but  it  was  693  per  centum  of  the 
quantity  of  steam  which  actually  entered  the  cylinder  less  the  quan- 
tity condensed  by  external  radiation.  In  this  case  the  quantity  of 
steam  unaccounted  for,  wliich  was  condensed  in  the  cylinder  by  causes 
other  than  those  due  to  external  radiation  and  to  the  production  of 
the  power,  and  re-evaporated  into  the  atmosphere  during  the  exhaust 
stroke  of  the  piston,  was  16-77  per  centum  of  the  quantity  evaporated 
in  the  boiler,  or  about  4  times  as  much  as  in  the  case  (experiment  C) 
Avhen  steam  was  in  the  jacket,  other  things  being  equal. 
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Finally,  in  experiment  F,  withno  steam  in  the  jacket,  and  the  cut- 
off at  §  of  the  stroke  of  the  piston,  the  condensation  of  steam  due  to 
the  production  of  the  power  was  6-14  per  centum  of  the  quantity  of 
steam  evaporated  in  the  boiler;  but  it  was  661  per  centum  of  the 
quantity  of  steam  which  actually  entered  the  cylinder  less  the  quan- 
tity condensed  by  external  radiation.  In  this  case  the  quantity  of 
steam  unaccounted  for,  which  was  condensed  in  the  cylinder  by  causes 
other  than  those  due  to  external  radiation  and  to  the  production  of 
the  power,  and  re-evaporated  into  the  atmosphere  during  the  exhaust 
stroke  of  the  piston,  was  19-76  per  centum  of  the  quantity  evaporated 
in  the  boiler,  or  about  4  times  as  much  as  in  the  case  (experiment  E) 
when  steam  was  in  the  jacket,  other  things  being  equal. 

The  experiments  above  discussed  have  a  particular  interest  at  the 
present  time,  owing  to  the  extensive  introduction  of  the  compouml 
engine  with  steam-jackets,  high  pressure  steam,  and  excessively  large 
measures  of  expansion  ;  and  to  its  superseding,  in  great  degree, 
the  ordinary  steam-engine  without  steam-jackets  and  with  steam  of 
medium  pressure  used  with  small  measures  of  expansion.  The  com- 
pound engine  does  indeed  give  an  economic  superiority  ranging  from 
one-fifth  tor  medium  sized  engines,  to  one  eighth  for  large  ones;  but 
this  economy  is  due  wholly  and  solely  to  the  employment  of  tlie  steam- 
jacket,  and  vanishes  whenever  the  ordinary  steam-engine  is  steam- 
jacketed  also.  The  higher  pressures  and  greater  measures  of  expan- 
sion used  witii  the  compound  engine  are  absolutely  unproductive  of 
any  economic  effect,  their  disadvantages  just  about  balancing  their 
advantages,  but  leaving  all  the  very  serious  mechanical  diffijuUies  due 
to  the  higher  pressures,  heavier  and  balkier  boilers,  and  larger  cylin- 
ders for  the  development  of  equal  power,  on  the  side  of  the  compound 
engine.  All  that  is  required  to  give  the  ordinary  steam-engine,  wh"n 
in  goorl  condition,  the  same  ecoaomic  result  as  the  compound  engine, 
is  to  simply  steam-jacket  its  cylinder,  without  changing  ci'her  the 
steam-pressure  or  measure  of  expansion  u>e<l.  The  inistake  has  been 
made  of  attributing  to  the  mere  compounding  of  the  cylinil"rs,  a  result 
due  entirely  to  the  use  of  the  steam-jacket,  an  appendage  as  easily  ap- 
plied to  the  one  kind  of  engine  as  the  other.  It  was  quite  overlooked 
in  comparing  the  experimental  economic  results  from  the  compound 
ami  the  ordinary  engine,  that  the  former  had  been  given  the  ailvan- 
tago  of  a  steam  jacket  which  was  omitted  in  the  other.  Whenever 
till'  steam  jacket  was  used  in  both  cases,  the  results  were  equal. 
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EFFICIENCY  OF  FURNACES  BURNING  WET  FUEL 

AS    DETERMINED    BY    EXPERIMENTS    ON    A    LARGE    SCALE. 


By  Professor  R.  H.  Thurston,  A.  M.,  C.  E. 


A  Paper  read  before  the  American  Society  of  Civil  Engineers,  October  21st,  1874. 

(Continued  from  Volume  Ixix,  page  59.) 

CONCLUSION. 

45.  Comparing  the  quantities  of  heat  actually  utilized  by  transfer 
from  the  fuel  to  the  boiler,  we  obtain  as  the  measure  of  the  actual 
comparative  eflEiciencies  of  the  two  furnaces  4"2'l^- 3-19  =  1'33,  the 
Thompson  excelling  the  Crockett  33  per  cent.  A  number  of  cir- 
cumstances combine  to  make  the  actual  difference  somewhat  greater 
than  the  record  here  indicates,  but  this  result  may  probably  be  taken 
to  represent  practically  the  relative  economical  standing  of  the  two 
furnaces. 

46.  Experiments  on  dry  pine  wood,  made  by  Prof.  Johnson  during 
his  extended  and  invaluable  examination  of  American  coals,*  for  the 
U.  S.  Navy,  furnish  a  standard  of  comparison  which  will  be  useful 
here.  One  cord  of  well-seasoned  yellow  pine  wood  weighed  2689-2 
pounds — 10  per  cent,  more  than  a  cord  of  thoroughly  air-dried  spent 
tan  bark — and  one  cubic  foot  weighed  21  pounds.  Experiments  on 
evaporative  power  showed,  as  a  mean  result,  an  effect  equivalent  to 
the  evaporation  of  4-69  pounds  of  water  from  212°,  under  atmospheric 
pressure,  per  pound  of  wood  consumed,  the  temperature  of  chimney 
flue  being  315*2°,  and  the  wood  burning  at  the  rate  of  15.87  pounds 
per  square  foot  of  grate  per  hour,  under  a  boiler  having  a  ratio  of 
heating  to  grate  surface  of  26'83  to  1. 

47.  Comparing  this  result,  as  a  standard,  with  the  evaporation  ob- 
tained in  the  two  wet  fuel  furnaces,  per  pound  of  fuel,  exclusive  of 

water,  we  get  for  the  Thompson  furnace  w^  ^^  1*21,  and  for    the 

441 
Crockett,  j;7uj  =^  0-94.     The  Thompson  furnace  is  thus  seen  to  have 

given  a  better  result  per  pound  of  ligneous  combustible  when  burning 
wet  tan  than  was  obtained  in  the  ordinary  steam-boiler  furnace,  burn- 
ing seasoned  yellow  pine,  this  superiority  reaching  21  per  cent.     The 

*  Report  to  the  Navy  Department  on  American  Coals.  By  Walter  R.  Johnson 
Washington,  1844,  pp.  54G-550. 
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Crockett  furnace  had   9-i   per  cent,  of  the  efficiency  of  the  common 
wood-burning  steam-boiler  furnace. 

48.  Tlie  rehitive  efficiency  of  fuel,  comparing  wet  tan  with  dry 
wood,  by  weight,  the  former  containing  between  55  and  60  per  cent. 

424 

of  water,  becomes  ,    .,.  X  100  =  90-40  per   cent.,  each   fuel   being 

consumed   under  the  most  favorable  conditions   shown  above,    and 

equal  weight  of  ligneous  fuel  being  taken  for  comparison. 

A  cord  of  dry  yellow  pine,  as  per  experiments  of  Prof.  Johnson, 

evaporated  12318-3   pounds  of  water.       A  cord  of  wet,  spent  tan, 

9459-2 
burned  in  the  Thompson  furnace  was  equivalent  to  -w  ^.vn;  r,    =    0  75 

J2ulo-o 

cord  of  dry  wood.   One  cord  of  wet  spent  tan  burned  in  the  Crockett 

7 1  0i''84 
furnace,  was  equivalent  to    rr-  .^ -,  .^  =  0-56  cord  of  dry  yellow  pine. 

49.  A  cord  of  dry  yellow  pine  is  approximately  equal  in  heating 
power  to  0  G  of  a  ton  of  coal,  and,  conversely,  the  ton  of  good  coal 
is  equal  in  calorific  power  to  1-GG  cords  of  soft  wood.  An  average 
pound  of  dry  wood  is  theoretically  capable  of  evaporating  (56^) 
pounds  of  water  from  and  at  212°.  A  pound  of  good  anthracite, 
similarly,  should  evaporate  13-5  pounds  of  water. 

The  "absolute  efficiencies"  of  coal  and  wood,  under  the  conditions 
already  describetl  in  the  several  cases  mentioned,  are  as  follows  : 
coal  70  per  cent.;  wood — in  the  Crockett  furnace,  G6  per  cent.,  in 
the  ordinary  steam-boiler  furnace,  70  per  cent.,  and  in  the  Thompson 
furnace,  85  per  cent. — reckoning  the  evaporation  of  the  moisture  in 
the  fuel.  Excluding  this  moisture,  the  percentages  become  respec- 
tively 70,  48,  70  and  04. 

TnEORY   OF    FURNACES. 

50.  The  data  obtained  at  these  trials  are  sufficiently  complete  to 
furnish  a  basis  upon  which  to  construct  the  theory  of  action  of  each 
furnace,  and  to  give  approximate  determinations  of  quantities  which 
are  of  importance  in  that  connection,  and  of  interest  in  their  bearing 
upon  practical  deductions.  The  most  important  points  are  the  tem- 
peratures of  furnace  and  of  chimney  flue,  the  quantity  of  air  sup- 
plied, and  the  clFect  of  variations  of  area  of  heating  surface  of 
b  )ilers. 

Vol.  LXIX.— TniRD  SEniKS.— Xo.  2.— Februaut,  1875.  9 
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TEMPERATURES   OF    FURNACE   AND    OF    CHIMNEY    FLUE. 

51.  An  approximate  determination  of  the  temperature  of  furnace 
can  be  made,  in  this  case,  in  the  following  manner : 

The  fuel  used  at  this  furnace,  as  taken  from  the  leach,  contained 
more  than  one-half  its  weight  of  water.  In  handling,  it  lost  some 
of  this  moisture.  When  thrown  upon  the  top  of  the  furnace  and  be- 
fore it  was  thrown  upon  the  fire,  it,  by  its  non-conducting  property, 
prevented  to  some  extent  loss  of  heat,  and  such  heat  as  was  absorbed 
by  it  was  usefully  employed  in  evaporating  its  moisture.  The  quan- 
tity of  water  thus  lost  before  entering  the  furnace  may  be  estimated 
approximately  at  about  one  per  cent,  in  handling,  and  3  per  cent,  at  the 
furnace.  Box,  in  his  "  Treatise  on  Ileat,"  gives  the  total  loss  of 
temperature  by  conduction  and  radiation,  in  a  fire-brick  furnace,  as 
10  per  cent.  Here,  several  long  ovens  Avere  placed  side  by  side,  and 
the  principal  loss  was  that  from  the  top.  Very  little  could  take  place 
laterally,  and  no  heat  could  pass  downward. 

The  total  loss  here  may  be  taken  as  2|^  per  cent.,  which  would  so 
change  the  composition  of  the  wet  fuel  as  to  leave  it  with  3  per  cent, 
less  water,  making  it  about  45  per  cent,  combustible  and  55  per  cent, 
water. 

Taking  the  available  heat  per  pound  of  the  dry  portion,  at  6480 
thermal  units,  each  pound  of  wet  fuel  yields  2916  units  of  heat.  Of 
this,  531-6  are  absorbed  in  the  evaporation  of  the  55  per  cent,  of 
water,  leaving  2384-4  units  to  raise  the  temperature  of  the  products 
of  combustion.  Of  these  there  are,  as  a  minimum,  3-7  pounds  hav- 
ing a  mean  specific  heat  of  about  0287. 

The  elevation  of  temperature  is  therefore  2245  3°,  and  adding  the 
mean  temperature  of  the  atmosphere,  74°,  the  mean  temperature  of 
furnace,  assuming  no  dilution  with  unused  air  and  no  losses,  would 
have  been  about  2320°.  Losing  about  2|  per  cent.,  the  temperature 
becomes  2260°. 

The  temperature  of  chimney  flue  was  found  by  experiment  to  have 
been  544°.  The  furnace  gases  were  therefore  cooled  2260°  —  544° 
=  1716°  by  the  loss  of  heat  given  up  .to  the  boiler.  This  is  equiv- 
alent to  1716  X  0-287  =  492-5  heat  units  per  pound  of  gas,  and  to 
4049-4  units  per  pound  of  ligneous  material  in  the  fuel. 

The  "  equivalent  evaporation  "  from  and  at  212°  is  40494  -=-  906-6 
=  4-18  pounds  of  water.      The  actual  exaporation  was  equivalent  to 
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4*24  pounds,  and  the  difference — less  than  one  per  cent. — repressent 
losses  and  errors  of  approximation. 

62.  The  actual  existing  temperature  of  furnace  can  be  thus  esti- 
mated :  the  available  heat   per  pound  of  fuel,  excluding  water,  has 

581  6 
been  j^iven  at  2916  thermal  units.     Of    this   —-, — •  =  0-182  was  not 

useful  in  raising  the  temperature  of  either  the  furnace  or  the  chim- 
ney. Hence,  of  all  heat  liberated,  1-00  —  0-182  =  0-818*  waa 
efficient  in  elevating  the  temperature  of  furnace,  and  0-37  —  0-182  = 
0-188  was  effective  in  producing  the  observed  temperature,  544°  of 
chimney.    Then,  since  the  same  quantity  of  gas  passes  at  both  places, 

0  818 
the    temperature    of    furnace    was  (-——:,  X  470)  +74°  =2118-5°. 

To  this  is  to  be  added  the  slight  loss  of  temperature,  en  route  between 
furnace  and  chimney,  by  conduction  and  radiation. 

DETERMINATION    OF   AIR    SUPPLY. 

53.  The  air  supply  of  the  Thompson  furnace  is  unusually  restricted 
as  has  already  been  noted. 

Instead  of  an  ash-pit  with  a  front  entirely  open,  we  find  here  closeil 
ash-pit  doors,  and  no  other  opening  for  the  passage  of  air  than  the 
comparatively  small  orifices  in  the  registers  with  which  the  doors  are 
fitted.  The  usual  amount  of  air  supplied,  in  furnaces  burning  coal, 
is  generally  given  as  about  twice  the  theoretically  required  quantity, 
giving  a  temperature  of  about  2400°.  In  exceptional  cases,  the  air 
supply  falls  as  low  as  one  and  a  half  times  the  theoretically  required 
amount,  the  temperature  reaching  about  3000°.  In  such  cases,  it 
sometimes  happens  that  the  grates  are  melted  down,  cast-iron  melting 
at  between  2700°  and  2800°. 

In  the  Thompson  furnace,  with  an  ash-pit  fire,  this  is  very  likely 
to  take  place  with  iron  grates,  and  the  inventor  was  therefore  driven 
to  the  use  of  fire-brick  grates.  The  mean  temperature  of  the  pro- 
ducts of  combustion  is,  however,  lower,  notwithstanding  the  restricted 
air  supply,  in  consequence  of  the  presence  of  moisture.  ^ 

The  quantity  of  air  supplied  is  calculated  as  follows:  The  differ- 
ence between  the  theoretical  and  the  actual  temperature  of  furnace, 

*  Assiiininf;  0480  >niits  as  the  iiciiting  power  of  the  tan  wlion  dricil,  tlic  efficienoy 
of  this  furnuce  bccoiues  0G3,  and  037  of  llie  tutal  heat  of  the  fuel  pai<scti  off  b_y  the 
chiiniicy. 
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as  above  estimated,  is  2260°  —  2118°  =  142°,  corresponding  to 
142  X  0"287  =  40'75  thermal  units  per  pound  of  gas,  or  40-75  X 
3  7  =  150-8  units  per  pound  wet  fuel,  and  1508  -=- 0-45  =  335-1 
units  per  pound  of  wood,  which  heat  was  distributed  through  the  air 
diluting  the  products  of  combustion. 

This  latter  amount  is  sufficient  to  heat  (335-1  -^  0-238)  ~  2044  = 
0*69  pounds  of  air  from  the  temperature  of  the  external  air  74°  to 
2118°.  The  theoretically  required  quantity  of  air  per  pound  of  wood 
is  6  pounds ;  hence  the  products  of  combustion  at  the  Thompson  fur- 
nace were  diluted  with  12  per  cent,  of  air  ;  this  is  one-fourth  that  of 
ordinary  practice  with  coal  fires. 

TEMPERATURES    IX    THE    CROCKETT   FURNACE. 

54.  The  temperature  of  chimney  flue  not  being  known,  the  esti- 
mates of  temperature  of  furnace  and  of  air  supply  cannot  be  so  sat- 
isfactorily determined  for  the  Crockett  furnace.  The  following  may, 
in  the  opinion  of  the  writer,  be  taken  as  a  fair  approximation. 

The  composition  of  the  fuel,  in  this  case,  was  slightly  changed  in 
handling,  between  the  leach  and  the  furnace,  as  before.  Lying  in 
front  of  the  furnace  also,  a  small  amount  of  drying  must  have 
occurred  by  radiated  heat.  Taking  the  total  amount  of  both  influ- 
ences as  producing  an  alteration  of  2  per  cent,  in  the  composition  of 
the  fuel,  it  becomes  52  per  cent,  water  and  48  per  cent,  dry  wood. 

55.  The  theoretical  temperature  of  furnace  gases,  estimated  as 
before,  is  reduced  largely  in  this  case,  by  the  air  of  dilution.  The 
fuel  was  burned  at  the  rate  of  about  20  pounds  per  square  foot  of 
grate  per  hour,  and  the  weight  of  carbon,  the  only  valuable  heat- 
producing  element,  was  5  pounds  per  square  foot  of  grate  per  hour. 
The  bulky  character  of  the  fuel  compelled  the  opening  of  the  doors, 
in  charging  the  furnace,  about  once  in  seven  or  eight  minutes.  The 
fire  burned  somewhat  irregularly  into  holes,  allowing  an  unusual 
amount  of  "air  to  pass  up  unutilized. 

In  ordinary  practice,  with  anthracite  coal  fires,  the  fuel  burns,  with 
such  draught  as  was  found  at  the  Crockett  furnace,  at  the  rate  of 
about  10  pounds  carbon  per  square  foot  of  grate  per  hour.  The 
doors  are  opened  about  once  in  fifteen  or  twenty  minutes,  and  the 
air  supply  is  about  240  pounds  per  square  foot  of  grate  surface  per 
hour. 

56.  The  air  supply  at  the  Crockett  furnace  was  apparently  in 
excess  of  that  just  given,  by  a  large   amount.     Neglecting  this  ex- 
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cess,  and   calculating  the  temperature  of  the  furnace  as  if  the   air 
supply  were  the  same  as  with  coal,  the  following  results  are  obtained  : 

Available  heat  per  pound  wet  tan,  .  .          3110-4  units. 

Rendered  latent  by  evaporating  52  per  cent,  water,  503-G     " 

Effective  in  elevating  temperature,  .         .          .         2606  8    " 

This  was  distributed  through  12'5  pounds  of  gaseous  products  of 
combustion,  of  a  mean  specific  heat,  0-25.  The  elevation  of  temper- 
ature was  therefore  832-8°,  and  adding  the  mean  temperature  of 
external  air,  we  obtain  for  the  average  temperature  of  gases  escaping 
from  the  furnace,  including  cold  air  streaming  through  the  furnace 
doors  and  the  holes  in  the  fire,  919-3°,  or  about  100°  above  the  tem- 
perature at  which  combustible  gases  can  take  fire. 

Taking  the  air  supply  as  possibly,  at  times,  as  low  as  that  consid- 
ered the  minimum  with  ordinary  coal  fires,  180  pounds  per  square 
foot  of  grate  per  hour,  where  burning  fuel  with  sluggish  draught,  the 
temperature  of  furnace  at  such  times  becomes  1 150*3°. 

57.  The  temperature  of  chimney  flue  may  be  readily  estimated  for 
these  conditions.  Referring  the  performance  of  this  furnace,  like 
the  preceding,  to  "dry  wood"  as  a  standard,  its  efficiency  is  47  per 
cent.  Hence  53  per  cent,  of  the  heat  obtainable  from  the  fuel  passes 
off  by  the  chimney.  The  loss  of  heat  by  the  escape  of  unburned 
carbon  in  the  form  of  smoke,  although  more  than  at  the  other  fur- 
nace, was  not  probably  sufficient  to  be  here  taken  into  account.  The 
following  are  the  estimates: 

Available  heat  per  pound  of  wet  tan,       .  .  3110-4  units. 

Passing  up  chimney,  53  per  cent.,  .          .         1648-5     " 

"  "  latent  in  vapor,        .  .  5036     " 

"  "  elevating  temperature,     .  11449     " 

This  was  distributed  throughout  12-52  pounds  of  gas,  where  the 
usual  supply  of  air  was  maintained,  and  through  0-64  pounds  in  the 
case  of  less  free  supply,  supposed  possible  at  times. 

The  heat  per  pound  of  gas  amounts  to  91-4  units  for  the  first  case, 
elevating  the  temperature  91-4  ^-  025  =  365  6°  above  that  of  the 
atmosphere,  or  to  452°. 

Un<ler  the  other  supposed  conditions,  the  elevation  of  temperature 
of  chimney  becomes  4677°. 

To  secure  an  economy  at  this  furnace  equal  to  that  obtained  at  the 
Thompson  furnace,  it  would  be  necessary  to  reduce  the  quantity  of 
heat  carried  off  by  the  chimney  gases,  in  the  proj)ortion  of  53  to  37. 
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One-third  of  this  heat  is  latent  in  the  vapor  of  water,  and  no  part 
of  that  can  be  secured.  The  requisite  reduction  of  temperature  of 
gases  to  effect  this  economy  is  thus  exaggerated  ;  and  it  would  be 
necessary,  were  such  a  thing  possible,  to  bring  down  the  temperature 
of  chimney  to  between  140°  and  160°,  to  a  temperature  160°  or 
140°  below  that  of  the  boiler  itself,  or  to  less  than  one-fourth  that 
required  for  most  eflScient  draught. 

EFFICIENCY    OF    FURNACES. 

58.  In  determining  the  precise  value  of  two  competing  sets  of 
apparatus,  as  generators  of  heat,  it  is  necessary  first  to  obtain  from 
each  its  best  performance  in  producing  heat,  and  then  to  provide 
means  of  absorbing  and  utilizing  that  heat  with  equal  thoroughness 
in  both  cases. 

The  proper  area  of  heating  surface  of  boilers  will  therefore  vary 
with  each  case.  The  sam-^  area,  where  the  furnaces  themselves  differ 
considerably,  may,  in  the  one  case,  allow  a  waste  of  heat,  wliile  in 
the  other  it  may  reduce  the  temperature  of  gases  so  far  as  to  compel 
the  adoption  of  a  "mechanical  draught."  In  the  cases  here  consid- 
ered, the  area  of  heating  surface  was  fortunately  very  nicely  adapted 
in  each  instance  to  the  requirements  of  the  case.  In  both  examples, 
the  temperature  of  chimney  flue  is  found  to  be  somewhat  below  that 
required  for  most  efficient  draught ;  but  was  not  far  different  in,  the 
two  cases,  the  less  economical  furnace  having  the  economical  advan- 
tatje  of  such  difference  as  did  exist. 

The  trial,  therefore,  exhibits  very  fairly  the  intrinsic  values  of  these 
two  furnaces  as  heat-generating  apparatus,  and  of  these  two  radically 
different  methods  of  working  them,  as  taken  apart  from  the  efficiency 
of  heat  absorbing  or  heat  utilizing  contrivances. 

59,  The  importance  of  high  temperature  of  furnace  is  strikingly 
and  beautifully  illustrated  by  these  results.  The  two  furnaces  develop 
practically  the  same  amount  of  heat  from  the  fuel,  but  the  one  dis- 
tributes it  through  a  large  volume  of  gases  at  low  temperature,  send- 
ing a  considerable  proportion  of  it  up  the  chimney,  while  the  other 
raises  a  small  volume  of  gas  to  a  much  higher  temperature,  making 
it  more  available  to  the  extent  of  J53  per  cent.,  and  finally,  even  then 
sending  up  the  chimney  gases  of  higher  temperature  than  the  first. 

The  abstract  efficiency  of  the  furnace  in  any  ordinary  case  is  rep- 
resented by  the  formulas — 
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Where  ao'  represents  the  efficiency  and  r,  and  r.,  are  the  absolute  tem- 
peratures at  which  the  heat  is  generated,  and  at  which  wasted  heat  is 
discharged,  and  ^3  that  of  the  external  air,  T^,  T.^,  T.^,  are  tempera- 
tures on  the  Fahrenheit  scale. 

T      1  v>     2118°— 544°F.      ..7- 

in  these  cases  i:  ==  ^ — ;; =  U*n. 

2ll«°— 7i 

919°  _  452° 
^"==919'°  — 8G.5  =  ^  ^^• 

60.  These  values  do  not  represent  the  efficiency  of  the  fuel,  inclu- 
ding the  vaporization  of  water  contained  within  itself.  In  these 
cases  the  heat  lost,  as  latent  in  vaporization,  before  the  generation  of 
these  temperatures,  is  to  be  deducted  to  give  the  total  efficiencies  of 
the  fuel,  which  thus  are  found  to  have  the  values  0-77(1  —  01c<2)  = 
0  63  and  0-56  (1  —  0-175)  =  0-46. 

The  experimental  determinations  were  0-64  and  0-48,  if  referred 
to  seasoned  wood,  and  0'63  and  0-47  when  referred,  as  here,  to  dry 
wood  of  a  calorific  value  of  6480  heat  units. 

To  make  the  values  of  33  comparable  with  the  standard  already 
assumed  for  final  absolute  efficiency,  per  experiment,  it  is  necessary  to 
add  9  per  cent,  to  the  first  values  of  53,  in  each  case,  in  order  to  credit 
the  fuel  with  the  heat  used  in  the  vaporization  of  its  water,  and  with 
the  heat  carried  by  the  vapor  up  the  chimney. 

Thus  the  values  0-77  +  0-09  =  0-86,  and  0r)64-0-09=0-65  are  de- 
duced. Tiiese  ratios,  by  experimental  determination,  were  086  and 
0*67.  The  correspondence  of  tr.ese  figures  with  those  just  deduced 
theoretically,  is  a  remarkably  conclusive  evidence  of  tiie  accuracy  of 
the  estimated  temperature  and  of  the  fact  that  the  difference  of  effi- 
ciency found  by  trial  is  due  to  such-  difference  of  temperature.  The 
accordance  is  unusually  precise. 

EFFECTS  OF  AREA  OF  HEATING  SURFACE. 

61.  Rankine  has  given  a  formula*  for  determining  the  efficiency  of 
fuel  in  ordinary  steam  boiler  practice,  where  the  ratio  of  the  area  of 
heating  surface,  and  of  fuel  burned  per  hour,  to  the  square  foot  of 
grutc  surface,  is  known  : — 

F'  _     BS 
F       ^  +  A  F' 

in   which  -  -  is  the  quantity  called  above  IS',  A  and  B  are  constants, 
F 

*Steam  Engines  and  Prime  Movers,  p.  292.  §  IV. 
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and  F  and  S  are  the  ratio  of  fuel  burned  per  hour  to  the  square  foot 

of  grate,  and  the  ratio  of  area  of  heating  surface  to  grate  area. 

For  the  cases  here  considered,  A  =  0-5,  and  B  =  0-92,  >S'=  8-5  for 

the  Thompson,  and  14'5  for  the  Crockett  furnace,  F^  1-38,  and  5-3; 

F  F? 

—  becomes  0"13  and  0  36,  and  the  value  of — ;-is,  for  the  Thompson 

O  jt/'  ^ 

0-8o9,  and  for  the  Crockett  furnace  0-776. 

Were  this  formula  applicable  to  these  cases,  the  experimental  de- 
terminations of  eflficiency  should  coincide  with  these,  but  they  are  0*64: 
and  0-48.  This  difference  is  a  consequence  of  the  facts  that  the  fuel 
used  in  these  furnaces  was  wet,  and  that  the  large  proportion  of  heat 
absorbed  by  the  water  was  so  much  abstracted  from  the  efficiency  of 
the  fuel.     Thus  the  absolute  values  are  reduced. 

They  differ,  also,  in  consequence  of  the  important  fact  exhibited  in 
the  preceding  paragraphs,  that  the  temperature  of  furnace  differs  in 
each  case  (and  in  the  case  of  the  Crockett  furnace  immensely),  from 
the  temperature,  2400°,  given  by  Rankine  as  the  mean  temperature 
of  furnaces  to  which  his  formula  is  adapted.  This  changes  relative 
values. 

The  value  0  859,  for  the  Thompson  furnace,  is  almost  precisely 
that  obtained  by  experiment — "including  water  in  fuel,"  0"86 — as  it 
should  be,  since  the  temperature  of  that  furnace,  2118°,  is  not  far 
different  from  that  of  the  ordinary  coal  fire.  The  value,  0  776,  for 
the  Crockett  furnace  differs  greatly  from  that  formed  by  experiment — 
"including  water  in  fuel,"  0*67 — as  would  be  expected  in  consequence 
of  the  exceptionally  low  temperature  of  that  furnace. 

The  difference  between  these  two  theoretical  values,  0-850  —  0  776 
=  0-088,  would  represent  approximately  the  loss  of  total  absolute 
efficiency  that  might  be  expected,  were  the  case  one  of  ordinary  prac- 
tice, and  were  the  Thompson  furnace  supplied  with  boilers  of  as  small 

a  ratio  of  heating  surface  to  fuel  consumed,  —  as   the   Crockett  fur- 

nace  actually  had. 

The  difference  which  would  readily  be  produced  would  be  less  in 
consequence  of  a  circumstance,  peculiar  to  that  example,  of  which 
the  influence  has  not  been  noticed  by  Avriters  on  this  branch  of  the 
theory  of  engineering. 

G2.  The  rate  of  conduction  of  heat  from  the  furnace  gases  to  the 
heating  surfaces  with  which  they  are  in  contact  varies,  in  some  not 
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well  determined  ratio,  with  the  difference  of  temperature.  It  may  be 
represented  approximately,  according  to  experiments  of  Charles  Wye 
Williams,*  and  judging  from  the  analysis  of  M.  Paul  Havrez.f  by  a 
hyperbolic  curve,  of  which  the  equation  is  a:  ?/  =  ^,  y  representing 
the  evaporation  for  a  unit  of  area  of  a  tube  at  a  distance  x  from  the 
furnace. 

U=  B  log  X 

i.s  the  equation  of  total  evaporation. 

When  the  volume  of  gas  is  the  same,  as  in  cases  to  which  the  form- 
ula of  Rankine  applies,  the  constants  in  these  equations  are  the  same, 
and  his  formula  gives  a  remaikably  satisfactory  approximation. 
Where,  as  in  the  Thompson  furnace,  the  restriction  of  the  air  supply 
causes  a  comparatively  slow  movement  of  gases  along  the  heating 
surface,  the  value  of  that  portion  nearest  the  fire  becomes  enhanced, 
leaving  the  furthest  portions  of  less  efficiency. 

Tiie  effect  of  reducing  the  air  supply  nearly  one-half  would,  there- 
fore, be  to  actually  reduce  greatly  the  amount  of  the  theoretical  loss, 
0-08,  just  given.  The  real  loss  would  be  somewhere  between  this  8 
per  cent,  and  the  smaller  differences  noticed  between  the  theoretical 
estimates  of  efficiency  of  fuel  and  the  actual  differences  shown  by  ex- 
periment. Tiiis  latter  consideration  may,  perhaps,  be  taken  as  a 
proof  that  this  difference  of  effichency  due  to  such  a  change  of  heating 
surface,  would  amount  approximately  to  2  per  cent.  Were  more 
steam  wanted,  this  would  be  at  once  sacrificed  at  the  Thompson  fur- 
nace, to  bring  the  temperature  of  chimne}'  up  to  that,  G45°,  which 
would  give  most  efficient  draught. 

'oZ.  At  the  Crockett  furnace,  the  effect  of  the  exceptionally  low 
temperature  of  furnace  is  to  equalize  the  value  of  heating  surface  ; 
and  the  considerable  velocity  of  the  gaseous  current,  which  is  a  con- 
sequence of  the  unusually  great  volume  of  air  passing  through  the 
furnace,  increases  this  effect.  The  nearer  surface  is  inefficient,  and 
the  most  distant  portions  of  the  heating  surface  are  therefore  jjropor- 
tionally  much  more  efficient  than  in  the  preceding  case. 

Extension  of  surface  is,  however,  precluded  by  the  fact  that  the 
temperature  of  escaping  gases  would  fill  still  further  below  that  re- 


*  "  On  the  Steam  Generating  Power  of  Marine  and  LocomotiTe  Boilers." — London, 

18(U. 

f  "  Evaporisalion  (IccroisHanio  en  Progression  Geonictriiiuc  dans  Ics  Cliaudieres."  — 
Revue  Iiidiistriellc,  1874. 
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quired  for  effective  draught,  and,  as  already  indicated,  were  it  possible 
to  operate  the  furnace  at  all,  this  temperature  would  become  one-half 
the  temperature  of  the  boiler,  were  so  much  heat  abstracted  as  to  give 
an  eflSciency  of  fuel  equal  to  that  obtained  in  the  other  furnace.  Heat 
would  then  pass  from  the  boiler  to  the  gas  at  those  portions  of  its 
surface  farthest  from  the  fire,  and  the  draught  could  only  be  main- 
tained by  means  of  special  "  blowing"  apparatus.  This  is  another 
fact  illustrating  the  importance  of  high  temperature  of  furnace  in  the 
attainment  of  high  furnace  efficiency. 

G-i.  The  table  given  on  the  following  page  presents  the  results  of 
the  above  investigation  in  a  concise  form,  in  which  it  may  be  found 
very  useful  for  reference. 

65.  Both  of  these  furnaces  were  introduced  about  twenty  years  ago, 
and  the  first  is  in  somewhat  extensive  use.  No  experimental  deter- 
mination of  their  actual  relative  efficiencies  has  ever  been  made  before, 
so  far  as  the  writer  is  aware  which  has  enabled  their  theory  to  be 
worked  out.  The  determination  of  their  theory,  as  here  given,  has 
greatly  interested  him,  and  will,  perhaps,  prove  as  interesting  to  the 
profession.  It  may  be  found  of  value,  in  view  of  the  many  important 
applications  which  are  daily  being  made  of  the  various  kinds  of  wet 
fuel. 

The  temperatures,  as  given,  may  be  somewhat  below  actual  temper- 
atures where  they  are  determined  from  the  composition  of  fuel,  as  the 
calculations  are  made  on  the  assumption  that  all  vapors  issuing  from 
the  fuel  are  raised  to  the  mean  temperature  estimated.  The  real  fact 
is,  that  they  are  expelled  while  the  temperature  of  issuing  gases  is  re- 
duced by  their  presence,  and  they  therefore  do  not  abstract  as  much 
heat  as  is  debited  to  them  in  the  calculation. 

During  those  intervals  of  time  which  elapse  between  the  drying  of 
one  charge  and  the  introduction  of  the  next,  the  temperature  of  fur- 
nace rises  to  that  due  to  the  combustion  of  dry  fuel.  The  results,  as 
given,  are  probably,  however,  practically  and  sufficiently  correct. 
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[Entered  according  to  act  of  Congress!,  in  the  year  1873,  by  John  Kichards,  in  the  office  of  the 
Librarian  of  Congress  at  Washington.] 

•  THE  PRINCIPLES  OF  SHOP  MANIPULATION  FOR  ENGINEERING 
APPRENTICES. 
By  J.  Richards,  Mechanical  Engineer. 


[Continued  from  Vol.  Ixix,  page  G9.] 

The  principle  of  the  improvement  is  now  complete  so  far  as  concerns 
the  relative  movement  of  the  hammer  drop  and  the  valve,  but  there  must 
be  some  principle  applied  for  the  extraneous  movement  of  this  added 
mechanism.  Looking  around  for  examples,  we  can  see  that  where 
movement  continues  after  the  force  which  produced  it  has  ceased  to 
act,  the  principle  is  in  nearly  every  case  that  of  momentum.  We  see  can- 
non balls  travel  for  mi'es,  the  impelling  force  acting  for  a  few  feet  only, 
or  the  weaver's  shuttle  performing  its  flight  after  the  driver  has  stopped 
its  movement,  and  it  may  be  safely  assumed  in  this  case  that  momen- 
tum is  the  available  force  to  produce  this  independent  movement  re- 
quired in  the  valve  gearing. 

To  sum  up,  it  has  been  determined  by  inductive  reasoning  coupled 
with  some  knowledge  of  mechanics,  that  a  steam  hammer,  to  give  a 
dead  blow,  requires  the  following  conditions  in  the  valve  gearing: 

First.  That  the  drop  and  valve,  while  they  must  act  relatively, 
cannot  move  in  the  same  time,  or  in  direct  unison. 

Second.  The  connection  between  the  hammer  drop  and  valve  can- 
not be  positive,  but  must  be  broken  during  the  descent  of  the  drop. 

Third.    The  valve  must  move  after  the  hammer  stops. 

Fourth.  To  cause  a  movement  of  the  valve  after  the  hammer  stops 
there  must  be  an  intermediate  agent,  that  will  continue  to  act  after 
the  movement  of  the  hammer  drop  has  ceased. 

Fifth.  The  obvious  meansof  attaining  this  independent  movement 
of  the  valve  gear  is  by  the  momentum  of  some  part  set  in  motion  by 
the  descent  of  the  hammer. 

The  invention  is  now  complete,  and  as  the  principles  are  all  within 
the  scope  of  practical  mechanism,  there  is  nothing  left  to  do  but  to 
devise  such  mechanical  expedients  as  will  carry  out  the  principles 
laid  down.  This  mechanical  scheming  is  a  second  and  in  some  sense 
an  independent  part  of  machine  improvement,  and  should  always  be 
subservierit  to  principles  ;  in  fact,  to  have  it  precede  principles,  con- 
stitutes chance  invention   or  chance   scheming.     Thatitistobe  re- 
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gardcd  in  a  sense  distinct  from  dealing  with  mechanical  principles, 
is  evident  from  the  fact  that  a  man  may  have  this  faculty  of  mechan- 
ical scheming  developed  in  an  extraordinary  manner,  and  yet  be  com- 
paratively ignorant  of  the  principles  of  mechanism. 

Referring  again  to  the  hammer  problem,  the  apprentice  will  find  by 
examining  the  subject  that  the  builders  of  automatic  acting  steam 
hammers  that  are  capable  of  giving  the  dead  stamp  blow,  have  em- 
ployee'the  principles  that  have  been  described,  with  perhaps  the  single 
exception  of  Messrs.  Schwartzkopf,  German  engineers,  who,  instead 
of  employing  the  momentum  of  moving  parts  to  open  the  valve  after 
the  hammer  stops,  depend  upon  disengaging  valve  gear  by  the  con- 
cussion and  jar  of  the  blow,  the  valve  gear  by  its  gravity  opening 
the  valve.  The  eminence  of  German  engineers  in  this  particular 
branch  of  mechanical  engineering  is,  however,  such  that  they  have 
no  doubt  adopted  various  devices  besides  the  one  just  described. 

I  will  not  consume  space  to  describe  the  converse  of  this  logical 
system  of  inventin*."-,  nor  to  picture  a  chance  schemer  hunting  after 
mechanical  expedients  to  accomplish  the  valve  movement  in  the  ex- 
ample that  has  been  given.  Tlie  reader  can  do  this  for  himself,  and 
no  doubt  has  done  so  as  he  went  along. 

Inventions  in  machine  improvement,  no  matter  whnt  their  nature, 
must  of  course  consist  in  and  conform  to  certain  fixed  principles,  and 
no  plan  of  urging  the  truth  of  a  proposition  is  so  common,  even  with 
the  chance  inventor,  as  to  trace  out  the  principles  that  govern  his 
discovery.  This  is  hence  a  negative  course,  useful  in  its  place,  to 
confirm  and  further  explain  what  may  have  been  demonstrated  by  ac- 
cident, but  the  true  plan  is  to  proceed  in  the  other  direction,  from 
principles  to  practice,  the  course  that  is  here  recommended  to  the 
apprentice  in  his  attempts  to  invent. 

In  studying  improvements  with  a  view  to  practical  gain,  the  learner 
can  have  no  reasonable  hope  of  accomplishing  much  in  fields  already 
gone  over  by  able  engineers,  nor  in  demonstrating  anything  new  in 
what  we  may  call  exhausted  subjects,  such  as  steam  engines  or  water 
wheels  ;  but  should  choose  rather  new  and  special  su])jects,  and  above 
all  things  avoid  radical  innovations  u{)on  existing  views  or  existing 
practice. 

It  has  been  already  remarked  that  the  boldness  of  young  engineers 
is  very  apt  to  be  inversely  as  their  experience,  not  to  say  their  want 
of   knowledge,   and  it   is   only   by   a   strong   and    determined   eflurt 
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towards  conservatism,  that  a  true  balance  is  maintained  in  judging  of 
new  schemes. 

I  will  end  this  article  by  citing  the  reader  to  some  examples  illus- 
trating the  general  plans  that  have  been  briefly  laid  down  in  regard  to 
inventions 

The  life  of  George  Stephenson,  if  studied,  will  prove  tjiat  notwith- 
standing the  novelty  and  great  importance  of  his  improvements  in 
steam  transit,  he  did  not  "  discover  "  these  improvements.  He  did 
not  discover  that  a  floating  embankment  would  carry  a  railway  across 
Chat  Moss,  neither  did  he  discover  that  the  friction  between  the 
wheels  of  a  locomotive  and  the  rails  would  enable  tractive  power  to 
draw  a  train.  Everything  connected  with  his  history  shows  that  all 
of  his  deductions  were  founded  upon  a  method  of  reasoning  fi'om 
principles  inductively,  and  to  say  that  he  "  discovered"  our  railway 
system,  according  to  the  ordinary  construction  of  the  term,  would  be 
to  detract  from  his  hard  and  well-earned  reputation  and  place  him 
amonn^  a  class  of  fortunate  schemers  who  can  claim  no  place  in  the 
history  of  legitimate  engineering. 

Count  Rumford  did  not  chance  upon  the  new  philosophy  of  forces 
upon  which  the  whole  science  of  dynamics  now  rests  ;  he  set  out 
upon  a  methodical  plan  to  demonstrate  conceptions  that  were  already 
matured  in  his  mind,  and  to  verify  principles  which  he  had  assumed 
by  deductive  reasoning  ;  in  fact,  all  great  and  substantial  improve- 
ments that  have  performed  any  considerable  part  in  developing  modern 
mechanics,  have  come  through  this  natural  course  of  first  dealing 
with  primary  principles,  instead  of  groping  about  blindly  after 
mechanical  expedients. 

WORK   SHOP    EXPERIENCE. 

I  have  now  reached  that  part  of  this  article  that  may  be  of 
most  interest  and  perhaps  of  most  use  to  the  engineering  apprentice, 
especially  those  who  are  not  able  to  avail  themselves  of  the  adva,n- 
tages  of  a  course  in  the  draughting  and  pattern  department,  or  in  the 
commercial  department  of  the  works  where  they  may  be  engaged. 

To  argue  the  necessity  of  learning  practical  fitting  as  a  part  of  an 
cnf^ineering  education  would  be  superfluous.  The  mechanical  engi- 
neer that  has  not  been  "  through  the  shop  "  can  never  expect  to 
attain  success,  nor  command  the  respect  even  of  the  most  inferior 
workmen,  and  without  this  power  of  influencing  others,  he  is  neither 
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fitted  to  direct  construction,  nor  to  mannge  details  of  any  kind  con- 
nected with  engineering  industry,  nor  even  to  keep  records. 

Tliere  is  nothing  that  more  provokes  a  feeling  of  resentment  in  the 
mind  of  a  skilled  man  than  to  meet  with  those  who  have  (jualificil 
themselves  in  the  theoretical  and  commercial  details  of  eniiineeririjj 
work,  and  then  attempt  to  direct  the  lahor  which  they  do  not  under- 
stand ;  nor  is  a  skilled  man  long  in  detectin;j  an  engineer  of  this 
class  ;  a  dozen  words  in  conversation  upon  any  mechanical  suhjcct  is 
generally  enough  to  furnish  a  clue  to  the  amount  of  practical  knowl- 
edge possessed  by  the  speaker. 

The  reasons  for  a  shop  course  are  many ;  the  main  one,  perhaps, 
being  to  learn  the  nature  of  fitting  operations  which  must  continually 
modify  the  plans  of  construction,  and  determine  cost.  As  remarked 
in  a  previous  place,  no  one  can  prepare  successful  designs  for 
machinery,  who  does  not  understand  the  details  of  its  construction  ; 
he  should  know  how  each, piece  is  moulded,  forged,  turned,  planed  or 
bored,  and  the  relative  cost  of  these  processes  by  the  different  plans 
that  may  present  themselves  to  his  mind. 

The  influence  over  workmen  and  under-managers  is  always  depend- 
ent upon  the  practical  knowledge  of  the  person  in  general  charge. 
An  engineer  may  direct  and  control  a  work  without  a  knowledge  of 
practical  fitting,  but  such  control  is  merely  a  commercial  one  and  can- 
not of  course  extend  to  mechanical  details  which  are  generally  tlie 
vital  part;  and  the  obedience  that  may  be  enforced  is  not  to  be  con- 
founded with  the  respect  that  superior  knowledge  always  commands. 
Another  gain  from  learning  practical  fitting  is  the  confidence  that 
such  knowledge  inspires  in  either  the  direction  of  work  or  the  prepa- 
ration of  plans  for  machinery.  The  man  who  hesitates  in  his  plans 
for  fear  of  criticism,  or  who  does  not  feel  a  perfect  confidence  in  his 
own  deductions,  will  never  achieve  much  success.  It  re([uires  not 
only  the  highest  powers  of  the  mind  to  generate  plans  for  machinery 
and  to  direct  construction  successfully,  but  also  requires  that  the 
mind  be  unfettered  by  the  restraints  that  have  been  indicated. 

The  changes  that  have  totally  revolutionized  machine  fitting  during 
thirty  years  past,  have  been  of  a  character  to  dispense  Avith  hand 
skill,  and  supplant  it  with  what  may  be  termed  mental  skill.  The 
mere  jjhysical  effect  that  may  be  produced  with  a  man's  hands,  has 
steadily  diminished  in  value  until  now  it  has  almost  come  to  be  reck- 
oned  in   foot   pounds.      The  ^ame  remark  applies  in  some  de^'rec  to 
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hand  skill,  which  now  holds  a  place  quite  different  from  what  it  did 
even  twenty  years  ago. 

Once  the  apprentice  entered  the  shop  to  learn  a  certain  amount  of 
hand  skill,  and  to  acquaint  himself  with  a  number  of  mysterious  pro- 
cesses, and  to  learn  a  series  of  arbitrary  rules  which  might  place  him 
at  a  disadvantage  even  with  those  whose  mental  capacity  was  inferior 
and  who  had  less  education ;  but  now  the  whole  is  changed.  An  en- 
gineering apprentice  enters  the  shop  with  a  confidence  that  he  may 
learn  whatever  the  facilities  afford,  if  he  will  put  forth  the  mental 
effort  needed,  and  that  there  are  no  mysteries  to  be  learned  Avhich 
are  not  reached  and  explained  by  the  physical  sciences.  In  short, 
to  learn  machine  fitting  at  the  present  time  is  but  a  small  matter  com- 
pared with  twenty  years  ago,  provided  the  learner  sets  out  properly 
prepared  and  with  intelligent  views  of  what  he  is  to  undertake. 

This  change  in  engineering  pursuits  has  also  produced  a  change  in 
the  woikmen  almost  as  thorough  as  that  in  the  manipulation.  A  man 
who  deals  with  special  knowledge  and  feels  that  the  secrets  of  his 
calling  are  not  governed  by  general  rules,  that  may  qualify  others 
without  his  assistance,  is  always  more  or  less  narrow-minded  and 
ignorant.  The  nature  of  his  relations  to  others  makes  him  so  ;  of 
this  no  better  proof  is  wanted  than  to  contrast  the  intelligence  of 
workmen  who  are  engaged  in  exclusive  callings,  with  those  whose 
pursuits  are  regulated  by  general  rules  and  principles.  The  machinist 
of  modern  times,  at  least  in  the  more  enlightened  countries,  having 
outgrown  what  we  may  term  mechanical  superstition,  has  thereby 
been  raised  to  a  social  position  that  is  confessedly  superior  to  that  of 
other  mechanics,  so  that  shop  associations  that  were  once  so  dreaded 
by  those  who  would  otherwise  have  become  mechanics,  are  no  longer 
an  obstacle. 

With  this  much  in  a  preliminary  way  I  will  now  notice  some  mat- 
ters connected  with  apprentice  experience  in  the  workshop,  endeavor- 
ing to  select  such  as  may  be  of  most  value  to  a  learner. 

When  you  enter  the  shop  the  first  thing  to  be  done  is  to  gain  both 
the  confidence  and  the  respect  of  the  manager  or  foreman  who  has 
charge  of  your  work,  and  remember  that  to  gain  this  confidence  and 
respect  ie  different  from  and  has  nothing  to  do  with  your  social  rela- 
tions. To  inspire  the  confidence  of  a  friend  you  must  be  kind,  faith- 
ful and  honorable,  but  to  command  the  confidence  of  a  foreman  you 
must  be  punctual,  diligent  and  intelligent.     There  is  no  more  kindlv 
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sentiments  of  regard  than  those  that  may  be  founded  in  this  way,  and 
altogether  independent  of  what  is  popularly  considered  as  the  incen- 
tives to  such  a  relation.  You  may  have  the  misfortune  to  break  tools, 
spoil  your  work,  and  fail  in  every  way  to  satisfy  yourself,  yet  if  you 
are  punctual,  diligent,  and  manifest  an  interest  in  the  work,  these 
misfortunes  will  not  call  out  the  resentment  of  those  around  you. 

It  must  always  be  remembered  that  what  is  to  be  learned  is  not  in 
the  shop  to  be  estimated  according  to  your  own  conceptions  of  its 
importance.  A  manager  and  the  men  around  look  upon  fitting  as 
one  of  the  most  honorable  and  intelligent  of  pursuits,  and  deserving 
of  the  esteem  and  highest  eflforts  of  an  apprentice;  and  while  the 
learner  may  not  think  it  a  serious  thing  to  make  a  bad  fit,  or  to  meet 
with  an  accident,  his  estimate  is  not  the  one  to  judge  by,  and  the 
least  word  or  act  that  will  lead  workmen  to  think  that  an  apprentice 
is  indifferent,  from  that  moment  will  destroy  their  interest  in  him  and 
cut  off  one  of  the  main  sources  from  which  his  knowledge  is  to 
be  derived. 

An  apprentice  should  in  entering  the  workshop  avoid  everything 
that  flavors  of  fastidiousness,  either  of  manner  or  of  dress  ;  nothing 
is  more  repulsive  to  workmen,  and  it  may  be  added,  nothing  is  more 
out  of  place  in  a  machine  shop.  An  effort  to  keep  as  clean  as  the 
nature  of  the  work  will  admit  of,  is  at  all  times  right,  but  to  dress  in 
clothing  that  is  not  appropriate,  or  to  allow  an  aversion  to  grease  to 
interfere  with  the  performance  of  work,  is  sure  to  provoke  derision. 

The  art  of  keeping  reasonably  clean  even  in  the  machine  shop  is 
worth  studying ;  some  men  are  greased  from  head  to  foot  in  a  few 
hours,  no  matter  what  their  work  may  be ;  while  others,  except  their 
hands  and  an  apron,  will  keep  clean  and  perform  the  same  work  with- 
out sacrificing  their  convenience  in  the  least. 

This  is  the  result  of  habits  that  are  easily  acquired  and  easily  re- 
tained, which  may  become  of  great  use,  as  well  as  tend  to  an  econ- 
omy of  clothing,  and  a  neatness  of  appearance  that  will  convey  an 
impression  of  neat  work. 

Be  punctual ;  it  costs  nothing,  and  buys  a  great  deal.  The  learner 
who  reaches  the  shop  a  quarter  of  an  hour  before  starting  time,  and 
spends  the  time  in  looking  about,  not  only  manifests  an  interest  in 
his  work,  but  avails  himself  of  an  important  privilege,  and  one  of  the 
most  effectual  in  gaining  shop  knowledge.  Ten  minutes  spent  in 
Vol,.  LXIX.— Third  Shmeb.— No.  3.— Fedruart,  1875.  10 
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walking  about  noting  the  changes  wrought  in  the  work  from  day  to 
day  furnishes  constant  material  for  thought,  and  acquaints  a  learner 
with  many  things  which  he  would  not  otherwise  observe.  It  requires, 
however,  no  little  care  and  discrimination  to  avoid  a  kind  of  resent- 
ment that  any  workman  feels  in  having  his  work  examined,  especially 
when  he  has  met  with  an  accident  or  made  a  mistake,  and  when  he 
thinks  that  the  inspection  is  prompted  by  curiosity  alone.  The  better 
plan  in  such  cases  is  to  ask  permission  in  a  way  that  no  one  will  hear 
it  except  the  person  addressed,  the  application  of  which  will  always 
secure  both  courtesy  and  explanation. 

Politeness  is  as  indispensable  to  a  learner  in  a  machine  shop  as  it 
is  to  a  gentleman  in  society  ;  no  matter  who  the  men  maybe  that  are 
to  be  dealt  with,  courtesy  is  not  only  their  due,  but  the  policy  for  the 
learner.  The  character  of  the  courtesy  may  be  modified  to  suit  the 
person,  but  still  it  must  be  courtesy.  The  apprentice  may  under- 
stand differential  calculus,  but  a  workman  may  understand  how  to 
bore  a  steam  cylinder,  and  in  his  estimation  the  two  things  are 
equal,  and  if  he  should  gain  an  advantage  in  politeness,  the  appren- 
tice is  placed  at  a  disadvantage.  A  man  is  coarse  indeed  when  he  is 
not  influenced  by  courtesy  that  is  not  affected  nor  overdone. 

Questions  and  answers  constitute  the  greatest  means  of  acquiring 
technical  information,  and  the  engineering  apprentice  should  care- 
fully study  ihe  true  principles  of  questions  and  answers,  just  as  he 
does  the  principles  of  machinery.  AVithout  the  art  of  questioning 
but  slow  progress  will  be  made  in  learning  shop  manipulation,  and 
improper  questions  will  soon  lose  all  the  advantages  that  might  be 
gained. 

A  proper  question  is  one  that  the  person  asked  will  understand, 
and  the  answer  be  understood  when  it  is  given ;  not  an  easy  rule,  but 
a  correct  one.  The  main  point  is  to  consider  questions  before  they 
are  asked  :  let  them  be  relevant  to  the  work  in  hand,  and  not  too  many. 
To  ask  frequent  questions,  is  to  convey  an  impression  that  the  answers 
are  not  considered,  an  inference  that  is  certainly  a  fair  one,  if  the 
questions  relate  to  a  subject  that  demands  attention.  If  a  man  is 
asked  one  minute  what  diametrical  pitch  means,  and  the  next  minute 
how  much  cast  iron  shrinks  in  cooling,  he  is  very  apt  to  be  disgusted, 
and  think  the  second  question  not  worth  answering. 

It  is  important,  in  asking  questions,  to  consider  the  mood  and 
present  occupation  of  the  workman  addressed;  one  question  asked 


Richards — The  Principles  of  Shop  Manipulation,  etc.         139 

when  a  man's  mind  is  not  occupied,  and  when  he  is  in  a  communica- 
tive humor,  is  worth  a  dozen  questions  asked  when  he  is  engaged,  and 
when  he  is  not  disposed  to  talk. 

It  is  a  matter  of  courtesy  in  the  usages  of  the  shop,  and  one  of  ex- 
pediency with  the  learner  to  ask  questions  from  those  who  are  pre- 
sumed to  be  best  informed  on  the  subject  to  which  the  questions 
relate,  and  it  is  equally  a  matter  of  courtesy  to  ask  questions  of  dif- 
ferent workmen,  being  careful,  however,  never  to  ask  two  different 
persons  the  same  question,  nor  questions  that  may  call  out  conflicting 
answers. 

There  is  not  a  more  generous  or  kindly  feeling  in  the  world  than 
that  with  which  a  skilled  mechanic  will  share  his  knowledge  with 
those  who  have  gained  his  esteem,  and  who,  he  feels,  both  merit  and 
desire  the  aid  that  he  can  give. 

An  excellent  plan  to  retain  what  is  learned,  is  to  make  notes,  not 
to  attempt  to  store  up  a  book  of  notes  for  reference  which  would  not 
only  be  of'' no  value  but  would  hiader  the  memory,  but  to  mikc  notes 
that  may  be  referred  to  a  few  times  and  to  assist  in  fixing  facts  in 
the  mind.  There  is  nothing  that  will  assist  the  memory  more  in 
learning  mechanics  than  to  write  down  facts  as  they  are  learned,  even 
if  the  meaioranlurn  is  never  again  referred  to. 

I  do  not  intend  to  recommend  writing  down  rules,  tables  that  may 
apply  to  shop  manipulation,  but  facts  that  require  remark  or  comment 
which  will  not  only  assist  in  committing  such  facts  to  memory,  but 
will  cultivate  the  power  of  making  technical  descriptions,  which  is  a 
necessary  part  of  an  engineering  education.  Specifications  for  engi- 
neering work  are  the  most  difficult  of  composition  ;  they  may  be  long, 
tedious  and  irrelevant,  or  concise  and  lucid.  There  are  also  a  larcje 
number  of  conventional  phrases  and  endless  technicalities  that  must 
be  learned,  and  to  write  them  will  not  only  assist  in  committing  them 
to  memory,  but  will  determine  their  orthography. 

In  making  notes,  as  much  as  possible  of  what  is  written  should  be 
condensed  into  brief  formulas,  a  form  of  expression  that  is  fast  becom- 
ing the  written  language  of  the  machine  shop.  Reading  formulas  is 
in  a  great  degree  a  matter  of  habit,  like  studying  mechanical  draw- 
ings, which,  at  the  beginning,  are  a  maze  of  complexity,  and  after  a 
time  become  intelligible  and  clear  at  a  glance. 

Upon  entering  the  shop,  the  learner  will  generally,  to  use  a  shop 
phrase,  be  introduced  to  a  cold-chisel  and  a  hammer,  and  he  will,  per- 
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haps,  regard  these  hand  tools  with  a  kind  of  contempt.  Seeing  other 
operations  carried  on  by  power,  and  the  machines  in  charge  of  skilled 
men,  he  is  too  apt  to  esteem  chipping  and  filing  as  of  but  little  import- 
ance, and  mainly  to  keep  apprentices  employed.  Let  the  apprentice 
be  assured  that  long  after,  when  a  score  of  years  has  been  added  to- 
his  experience,  the  file  will  still  remain  the  most  crucial  test  of 
his  hand  skill,  and  that  after  learning  to  manipulate  power-tools  of 
all  kinds  in  the  most  thorough  manner,  a  few  blows  with  a  chipping- 
hammer,  or  a  half  dozen  strokes  with  a  file,  will  not  only  be  a  harder 
test  of  skill,  but  the  one  that  he  is  most  likely  to  meet  with. 

To  learn  to  chip  and  file  is  indispensable,  if  for  no  other  purpose, 
to  be  able  to  judge  of  the  proficiency  of  others  or  to  instruct  them. 
Chipping  and  filing  are  purely  matters  of  hand-skill  that  are  tedious 
to  learn,  but  when  once  acquired,  are  never  forgotten.  The  action  of 
a  file  is  an  interesting  problem  to  study,  and  one  of  no  little  intricacy, 
as  the  learner  will  find  when  he  considers  it ;  in  filing  across  a  surface 
one  inch  wide,  with  a  file  twelve  inches  long,  the  varying  pressure 
that  is  required  at  each  end  of  the  file  to  guide  it  level,  seems  to  be 
beyond  the  attainment  of  the  hands  and  beyond  the  nice  sense  of 
feeling  that  determines  this  varying  pressure.  It  is  quite  a  problem 
even  if  there  is  a  constant  length  of  stroke  assumed,  but  when  we 
consider  that  the  stroke  is  continually  changed,  the  length  of  the  files 
and  the  breadth  of  the  surface  also,  it  is  a  wonder  indeed  that  true 
surfaces  can  be  made  with  a  file,  or  even  that  a  file  can  be  used  at  all. 
The  fact  is,  it  takes  years  of  experience  to  file  well,  and  requires  also 
a  special  faculty  which  every  one  does  not  possess. 

In  filing,  the  files  should  be  kept  clean,  each  one  laid  in  order,  with 
a  strip  of  wood  under  the  ends,  to  prevent  them  from  rolling  and  to 
keep  them  out  of  the  dirt.  Each  file  should  have  its  handle  well 
fitted  and  to  stand  true  with  the  blade.  The  learner  has  continually 
to  contend  with  an  inclination  to  use  his  smooth  and  dead  smooth 
files  before  the  work  is  finished,  and  to  think  more  of  the  finish  on 
surfaces  than  their  truth. 

If  asked  for  advice  as  to  the  most  important  object  for  an  appren- 
tice to  aim  at  in  beginning  his  fitting  course,  nine  out  of  ten  expe- 
rienced^men  would  say,  "to  do  work  well."  As  power  is  measured 
by  force  and  velocity,  work  is  measured  by  the  two  conditions  of 
skill  and  time.  The  first  consideration  being,  how  well  a  thing  may 
be  done,  and  secondly,  in  how  short  a  tinae  may  it  be  performed.    The 
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still  spent  on  a  piece  of  work  is  the  measure  of  its  worth  ;  if  work  is 
badlj  executed,  it  makes  no  diflference  how  short  the  time  of  perform- 
ing the  task,  this  can  add  nothing  to  its  value. 

The  learner  is  very  apt  to  reverse  this  proposition  at  the  beginning, 
and  place  the  time  before  the  skill,  but  if  he  will  note  what  he  sees 
around  him  it  will  at  once  appear  that  the  first  criticism  is  always 
directed  to  the  character  of  the  work  performed.  A  manager  does 
not  ask  a  workman  how  long  a  time  was  consumed  in  preparing  a 
piece  of  work  until  its  character  has  been  passed  upon ;  in  short,  the 
■quality  of  work  is  its  mechanical  standard,  and  the  time  consumed  in 
preparing  work  is  the  commercial  standard,  applied,  of  course,  to 
work  that  is  good  and  competent,  for  if  an  article  is  spoiled  there  is 
no  need  of  proceeding  to  the  second  standard  to  judge  it  by.  A  job 
is  never  properly  done  when  the  workman  can  see  faults  in  it,  and  in 
machine  fitting,  as  a  rule,  the  best  skill  that  can  be  applied  is  no  more 
than  the  conditions  call  for,  so  that  the  first  thing  to  be  learned  is  to 
perform  work  well,  and  afterwards  to  perform  it  rapidly. 

Good  fitting  is  not  so  much  a  question  of  skill  as  of  a  standard 
that  the  workman  has  fixed  in  his  mind,  and  to  which  all  that  he  does 
will  conform.  If  this  standard  is  one  of  exactness  and  precision,  all 
that  is  performed,  whether  it  be  filing,  turning,  planing  or  drafting, 
must  come  to  this  standard.  This  faculty  of  mind  I  can  define  no 
further  than  to  say  that  it  is  an  aversion  to  whatever  is  imperfect  and 
a  love  for  what  is  exact  and  precise,  and  I  must  add  that  there  is  no 
faculty  of  the  mind  that  has  so  much  to  do  with  success  in  mechan- 
ical pursuits,  nor  is  there  any  trait  that  is  more  susceptible  of  culti- 
vation. Exactness  and  methodical  reasoning  are  the  powers  that  lead 
to  proficiency  in  engineering  pursuits. 

There  is,  perhaps,  no  more  fitting  conclusion  to  the$e  suggestions 
for  apprentices  than  a  word  about  health  and  strength.  It  was 
remarked  in  connection  with  the  subject  of  drafting  that  the  powers 
of  a  mechanical  engineer  were  to  be  measured  by  multiplying  his  edu- 
cation and  mental  abilities  into  his  vitality  and  physical  strength,  a 
proposition  which  it  will  be  well  for  the  apprentice  to  keep  in  mind, 
for  he  will  certainly  meet  with  its  proof,  if  not  in  his  own  case,  in 
that  of  others. 

An  apprentice  who  is  not  accustomed  to  manual  labor  will  after 
commencing  find  his  limbs  aching,  his  hands  sore,  and  will  feel  ex- 
hausted both  at  the  beginning  and   at   the   end   of  the  day's   work. 
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These  are  not  dangerous  symptoms.  He  has  only  to  wait  until  hi& 
system  is  built  up  so  as  to  sustain  this  new  draught  upon  its  resources 
and  until  nature  furnishes  a  power  of  endurance  which  will  in  the  end 
be  a  source  of  pride  and  add  a  score  of  years  to  his  life.  Have 
plenty  of  sleep,  plenty  of  plain  substantial  food,  keep  the  skin  clean 
and  active,  laugh  at  privations,  and  cultivate  a  spirit  of  self-sacri- 
fice and  a  pride  in  endurance  that  will  court  the  hardest  and  longest 
jobs. 

An  apprentice  that  has  not  the  spirit  and  firmness  to  endure  phy- 
sical labor,  and  to  adapt  himself  to  the  conditions  of  the  workshop, 
should  select  some  pursuit  of  a  less  aggressive  nature  than  mechanical 
engineering. 

THE   END."! 


ON  THE   EFFICIENCY  OF  BELTS  OR   STRAPS  AS  COMMUNICATORS  OF 

WORK.* 
By  Professor  Osborne  Reynolds. 

It  has  often  been  remarked  that  it  seems  to  be  impossible  so  to  con- 
struct belts  that  they  shall  drive  without  slipping.  I  am  not  aware 
that  any  reason  has  ever  been  given  for  this ;  but,  on  the  other  hand, 
most  writers  seem  to  have  assumed  that  if  the  belt  is  made  sufficiently 
tight,  so  that  the  tension  on  the  slack  side  is  from  one-half  to  one- 
quarter  that  on  the  tight  side,  according  as  the  strap  is  in  contact 
with  one-half  or  the  whole  of  the  pulleys,  it  will  not  slip.  The  object 
of  this  communication  is  to  show  that  not  only  is  a  reason  to  be  given 
for  this  residual  slipping,  but  that  it  follows  a  definite  law,  depending 
on  the  elasticity  of  the  strap,  and  independent  of  its  tightness  over 
and  above  what  is  necessary  to  prevent  it  slipping  bodily  round  the 
"wheel. 

When  a  pulley,  A,  is  connected  with  another  pulley,  B,  by  a  belt 
80  that  A  drives  B,  it  is  usual  to  assume  that  the  surfaces  of  the  two- 
pulleys  move  with  the  same  velocity,  namely,  the  velocity  of  the  strap; 
and  thai;  the  work  communicated  from  A  to  B  equals  this  velocity 
multiplied  by  the  difference  in  the  tension  on  the  two  sides  of  the  belt. 

*  Reprinted  from  the  London  Engineer. 
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This  law  would  doubtless  be  true  if  the  strap  were  inelastic,  and  did 
not  stretch  at  all  under  the  tension  to  which  it  is  subjected ;  but  as 
all  straps  are  more  or  less  elastic,  it  can  be  shown  that  this  law  does 
not  hold  rigorously,  although  with  such  an  inelastic  material  as  leather 
it  is  not  far  from  the  truth. 

Owing  to  its  elasticity,  the  tight  side  of  the  belt  will  be  more 
stretched  than  the  slack  or  slacker  side,  and  will,  in  consequence, 
have  to  move  faster.  This  is  easily  seen  when  we  consider  that  each 
point  on  the  strap  completes  its  entire  circuit  in  the  same  time,  so 
that  if  at  any  instant  a  number  of  marks  were  made  on  the  strap  at 
different  points,  ihese  marks  would  all  return  to  the  same  points  in 
precisely  the  same  time;  for  the  velocity  at  each  point  would  be  equal 
to  the  length  of  strap  which  passes  that  point,  and  on  the  tight  side 
this  would  be  the  stretched  length,  whereas  on  the  other  side  it  would 
be  the  unstretched  length,  and  hence  the  two  sides  of  the  strap  would 
move  with  different  velocities,  according  to  the  degree  in  which  the 
strap  is  more  stretched  on  the  one  side  than  on  the  other. 

Now  the  stretching  of  a  strap  will  be  proportional  to  tension,  al- 
though the  degree  will  depend  on  its  size  and  the  material  of  which 
the  strap  is  composed.  Let  X  r  represent  the  increase  in  length  per 
foot  in  a  certain  strap,  caused  by  a  tension  of  r  lbs.  Then,  if  r,  and 
r,  represent  the  tension  on  the  two  sides  of  the  belt  respectively,  the 
stretching  on  these  two  sides  will  be  respectively  proportioned  to  A  r, 
and  )■  T.^,  and  the  difference  will  be  proportional  to  /  [t^  —  rj.  There- 
fore the  velocities  of  the  two  sides  will  be  in  the  ratio  =  — iLlAl! !l'' 

Again,  it  is  easy  to  see  that  the  velocity  of  the  tight  side  of  the 
strap  must  be  equal  to  that  of  the  surface  of  the  pulley  A  which 
drives  it ;  whereas  the  velocity  of  the  pulley  B,  which  is  driven  by  the 
strap,  will  be  the  same  as  that  of  the  slack  side  of  the  strap ;  and 

hence  the  velocities  of  the  two  pulleys  differ  in  the  ratio   ■         '  ' -^' 

And  since  the  turning  effort  of  the  strap  on  either  pulley  is  the  same, 
namely,  r,  —  r,,  the  difference  of  its  tensions,  the  work  done  by  A, 
which  equals  its  velocity  into  this  effort,  will  be  greater  than  that 

taken  up  by  B  in  the  ratio  — ^t — \ElIzIl>'     This  excess  of  work  will 

have  been  spent  in  the  slipping,  or   more   properly  the  creeping,  of 
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the  strap  round  the  pulleys.  The  manner  in  which  this  creeping 
takes  place  is  easily  seen,  as  follows :  The  strap  comes  on  to  A  tight 
and  stretched,  and  leaves  it  unstretched.  It  has  therefore  contracted 
while  on  the  pulley.  This  contraction  takes  place  gradually  from  the 
point  at  which  it  comes  on  to  that  at  which-  it  leaves,  and  the  result 
is  that  the  strap  is  continually  slipping  over  the  pulley  to  the  point 
at  which  it  first  comes  on.  In  the  same  way  with  B  ;  the  strap  comes 
on  unstretched  and  leaves  it  stretched,  and  has  expanded  while  on  the 
wheel,  which  expansion  takes  place  gradually  from  the  point  at  which 
the  strap  comes  on  until  it  leaves. 

The  proportion  which  the  slipping  bears  to  the  whole  distance  trav- 
eled by  the  strap  =  )•  {r^  —  r^,  which,  as  previously  shown,  is  the  pro- 
portion which  the  work  lost  bears  to  the  whole  work  done  by  A.  From 
this  it  appears  that  the  slipping  and  work  lost  are  proportional  to  ^, 
i.  e.,  to  the  increase  which  a  tension  of  1  lb.  would  cost  in  1  ft.  length 
of  the  strap ;  and  hence,  the  more  inelastic  the  material  is,  the  better 
it  is  suited  for  belts. 

The  actual  amount  of  this  slipping  may  be  calculated  when  we 
know  the  elasticity  of  the  belts.  With  leather  it  is  very  small.  One 
belt,  which  had  been  in  use  about  two  years,  and  was  1-25  in.  wide 
and  3-16  in.  thick — the  usual  thickness — increased  in  length  by  six- 
teen-thousandths  under  a  tension  of  100  lbs.  From  this  example  it 
appears  that,  for  a  leather  belt  of  breadth  b  in. ; 

;.=     20       1 
100,000^  T 

Hence,  the  ratio  of  slipping  ='0002  —    (ri  —  r.^);  and  in    practice 

b 

Ti  —  T-i  varies  from  20  lbs.  to  60  lbs.  per  inch  width  of  belt ;  therefore 
the  slipping  =  -008,  or  nearly  1  per  cent.  With  new  straps  it 
would  probably  be  more.  With  soft,  elastic  materials,  such  as  india- 
rubber,  the  slipping  is  very  mucli  greater.  In  some  instances  I  have 
been  able  to  make  the  driving  pulley  A  turn  twice  as  fast  as  the 
pulley  B,  simply  in  virtue  of  this  expanding  and  contracting  on  the 
pulleys.  This  shows  at  once  how  it  is  that  elastic  straps,  such  as  caji 
be  made  of  soft  india-rubber,  have  never  come  into  use — a  fact  which 
is  otherwise  somewhat  astonishing,  considering  for  how  many  pur- 
poses an  elastic  connection  of  this  sort  would  be  useful.  A  similar 
explanation  to  the  above  may  also  be  given  for  the  friction  occurring 
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when  elastic  tires  are  used  for  the  wheels  of  carriages  and  engines. 
The  tire  is  perpetually  expanding  between  the  wheel  and  the  ground. 
As  the  wheel  rolls  on  to  the  tire,  it  is  continually  elongating  the  part 
between  it  and  the  ground  which  is  in  front  of  the  point  in  which  the 
pressure  is  greatest.  This  elongation  can  only  be  accomplished  by  sliding 
the  tire  over  both  the  surface  of  the  wheel  and  the  ground  against  what- 
ever friction  there  may  be ;  and  similarly,  towards  the  back  of  the  wheel* 
the  tire  is  contracting  also  against  friction.  Even  when  there  is  no  tire, 
if  either  the  wheel  or  the  ground  is  elastic  a  similar  action  takes  place  ; 
and  hence  we  may  probably  explain  what  is  usually  called  rolling 
friction,  which  has  been  observed  to  take  place,  no  matter  how  true 
or  hard  the  surface  of  the  wheel  and  the  plane  on  which  it  rolls  may 
be.  Owens  College,  Blanchester,  Nov.  20,  1874. 

Development  of  Magnetism  in  the  Rails  of  Railways. — 

M.  lleyl.  engineer  of  one  of  the  German  railways,  in  a  recent  report 
upon  the  special  section  under  his  charge,  calls  attention  to  the 
development  of  magnetism  in  the  rails.  He  says :  I  have  observed 
that  all  the  rails  are  transformed  at  their  extremities,  after  they  have 
been  placed  in  position  a  few  days,  into  powerful  magnets,  capable 
of  attracting  and  of  retaining  a  key  or  even  a  heavier  piece  of  me- 
tallic iron.  These  rails  preserve  their  magnetism  even  after  they 
have  been  removed,  but  they  lose  it  gradually.  When  in  position, 
however,  the  magnetism  is  latent,  only  becoming  free  when  the  chairs 
are  removed  and  disappearing  again  when  they  are  replaced.  Hence 
it  is  necessary  to  assume  that  two  opposite  poles  come  together  at 
each  junction,  and  that  each  rail  is  a  magnet,  the  poles  being  altern- 
ately reversed  throughout  the  line.  This  production  of  magnetism 
in  the  rails  examined  is  undoubtedly  attributable  to  the  running  of 
the  trains  and  to  the  shocks,  frictions,  etc.,  thereby  produced.  The 
hypothesis  of  electric  currents,  induced  or  direct,  must  be  rejected, 
since  it  is  negatived  by  experiments  upon  the  subject  made  with  suit- 
able apparatus.  Although  the  interest  attaching  to  the  fact  above  stated 
is  at  present  purely  scientific,  it  is  not  impossible  that  the  magnetism 
thus  developed  may  exercise  an  influence  actually  beneficial  upon 
the  stabilit}'  of  the  roadway,  increasing  the  adherence  to  the  rails 
and  the  friction.  It  is  possible,  also,  that  the  magnetic  currents  may 
be  stronger  at  the  moment  of  the  passage  of  the  trains,  than  either 
before  or  after.  If  this  be  so,  the  observations  may  acquire  a  still 
higher  practical  importance. 
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NEW  PROCESSES  IN  PROXIMATE  GAS-ANALYSIS.. 


By  Professor  Henry  Wurtz,  of  New  York. 


[Communicated  in  part,    with  Experimental  Illustrations,   to  the    American    Gas-IAght 
Association,  October  22,  1874.] 


Gas-analysis,  in  the  widest  and  highest  sense  of  the  expression, 
comprehending  the  proximate  analysis  of  gaseous  mixtures,  natural 
and  artificial,  as  well  as  the  ultimate  analysis  of  gaseous  compounds, 
includes  what  have  heretofore  been  unquestionably  the  most  difficult 
and  delicate,  while  also,  when  correctly  viewed,  the  most  fruitful  and 
promising  branches  of  laboratory  chemistry.  It  is  also  quite  just  to 
assert  of  these  branches  that  they  have  of  late  years  been  far  too 
little  cultivated  by  many  chemists  of  the  first  rank.  It  is  to  this 
that  I  would  attribute  the  fact  that  your  own  great  and  noble  art  of 
Artificial  Illumination — to  which  I  might  add  those  of  metallurgy 
and  furnace  operations  generally — linger  in  a  stage  of  empiricism  not 
in  accordance  with  the  actual  advancement  of  chemical  science.  It 
may  safely  be  alleged  that  we  are  now  learning  far  more,  and  more 
rapidly,  of  the  liquid  and  solid  products  of  retorts,  stills  and  fur- 
naces, than  of  the  gaseous  products.  This  should  not  continue ;  and 
I  venture  to  hope  that  the  observations  I  have  to  offer  may  in  some 
measure  lead  the  way,  and  to  some  extent  lay  the  foundation  for  the 
more  diligent  application  of  known  chemical  principles  to  the  prac- 
tical investigation  of  gaseous  mixtures  and  products  of  the  chemical 
arts. 

The  class  of  methods  known  by  the  rather  insignificant  name  of 
Eudiometry,  had  so  great  an  impulse  imparted  to  it  a  quarter  of  a 
century  ago  by  the  genius  of  the  illustrious  Bunsen,  that  gas-chemists 
have  really  seemed  to  me  to  merit  since,  in  some  measure,  the  re- 
proaches cast  upon  the  immediate  disciples  of  Aristotle  of  old,  who 
believed  their  great  master  had  probed  the  depths  of  possible  human 
wisdom,  and  therefore  refused  to  interrogate  Nature  further.     It  is 
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true  that  many  of  Bunsen's  methods,  apparatus  and  manipulations  in 
gas-analysis  will  remain  indispensable,  and  will  stand  as  monuments 
to  his  fame,  very  little  having  been  done  since  except  in  the  way  of 
modification,  by  other  chemists ;  but  there  are  nevertheless  cases  and 
conditions  often  of  great  importance,  where  all  so-called  eudiometric 
methods  fail  to  satisfy  the  practical  requirements. 

One  such  case  may  here  be  entered  into  as  an  example.  This  is 
the  determination  of  air,  as  a  contamination  of  illuminating  gas.  It 
is  well  understood  that  each  single  proportion  per  100,  of  air,  destroys 
at  least  six  per  cent,  of  the  illuminating  value  of  an  ordinary  coal- 
gas.  It  is  not  easy  then  to  exaggerate  the  importance  of  this  case. 
But,  in  a  eudiometer  500  millimeters  long,  one  volume  per  100  of  air 
is  but  one  millimeter  of  oxygen.  A  variation  or  error  of  observation 
of  a  single  degree  Fahr.  of  temperature,  or  of  "061  inch  of  barom- 
eter, down  or  up,  will  either  double  or  destroy  this  determination. 
But  by  the  methods  I  have  now  to  propose,  one  cubic  foot  of  such 
gas  will  yield,  in  a  form  amenable  to  the  balance,  1'18  grain  =  '076 
gram  of  oxygen;  and  5  cubic  feet,  '3815  gram. 

Moreover,  in  eudiometric  oxymetry,  the  introduction  of  potassic 
pyrogallol  into  the  gas  under  investigation,  is  always  of  necessity 
preceded  by  that  of  potassic  liquor  or  potassic  hydrate,  to  remove 
carbonic  acid  ;  and  if  this  potash  be  washed  out  with  water,  say  with 
a  minimum,  of  20  millimeters  (in  a  eudiometer  of  500  mm.),  of  the 
latter,  this  water  will  always  abstract  some  of  the  oxygen  sought  to 
be  determined.  At  60°F.  =  16°C.,  20  mm.  water  can  take  up  (Bunsen) 
•59  mm.  of  0 ;  or,  in  this  way,  as  much  as  59  per  cent,  of  the  oxy- 
gen (and  air)  sought  may  be  altogether  lost !  I  may  add  that,  in 
working  on  coal-gas,  the  further  possible,  or  at  least  supposable  ab- 
sorption, by  this  20  mm.  water,  of  "29  mm.  of  N,  -39  mm.  of  II,  and 
.48  mm.  of  CO  gases — together  with  the  -59  mm.  of  0 — 1-75  mm.  in 
all — might  vitiate  the  CO^  determination  to  the  extent  of  0.35  per 
cent,  of  the  whole  volume,  in  excess;  which,  in  a  coal-gas  purified 
by  lime,  would  be  a  vitiation  quite  fatal  to  the  value  of  the  analysis. 

Some  eudiometrists  may  reply  that  they  do  not  wash  out  the  potash 
with  the  water,  before  applying  pyrogallol.  If  so,  I  must  impugn 
their  work  on  several  other  grounds; — for  instance,  will  the  film  of 
potash  liquor  on  the  inner  walls  of  the  eudiometer  occupy  the  same 
volume  as  a  film  of  pure  water?  My  own  experiments  have  shown  me 
that  it  will  not.     Again,  either  solid  potash  or  strong  potash  liquor 
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desiccates  the  gas,  thus  introducing  another  very  appreciable  errbr. 
A  conscientious  original  investigator  who  tests  all  methods  rigidly 
himself,  will  devise  ways  to  mitigate,  if  not  to  eliminate  some  of 
these  difficulties  ;  but  this  does  not  meet  the  practical  requirements  of 
the  case,  for  all  are  not  competent  to  do  this. 

The  above  is  cited  as  but  one  sample  of  the  multitude  of  difficulties 
with  Avhich  every  really  competent  eudiometrist  must  admit  himself  to 
be  environed.*  Special  and  complex  devices  have  not  been  wanting 
— many  of  them  of  great  and  permanent  value — to  lessen  certain 
difficulties  ;  but  it  has  appeared  to  me  that  in  those  cases — including 
many  of  the  most  important  ones,  as,  for  example,  illuminating  gases 
and  gaseous  furnace-products — in  which  the  mixture  to  be  analyzed 
is  attainable  in  volumes  practically  illimitable;  it  would  be  well  to  try 
to  cut  loose  from  methods  which  are  purely  volumetric,  and  to  devise 
such  new  ones  as  would  enable  us  to  deal  with  quantities  that  can 
yield  ponderable  products ;  thus  appealing  directly  to  that  infallible 
criterion,  the  chemist's  "court  of  last  resort,"  the  balance. 

In  this  attempt,  I  have  already  met  with  success  sufficient  to  en- 
courage me  to  place  the  results  before  the  chemical  world,  con- 
fident that  some  things  will  be  recognized  in  them  worthy  at  least  of 
being  followed  up  and  brought  to  a  further  stage  of  perfection.  This 
further  pursuit  of  these  paths  of  promise  will  be  my  own  task  so  far 
as  it  may  be  permitted  to  me. 

The  methods  I  now  put  forth  are  founded  on  the  general  principle 
of  Submitting  a  slow  current  of  the  gas  to  be  investigated  to  the 
action  of  a  series  of  agents,  so  selected  and  combined  as  to  absorb 
and  separate,  in  succession,  each  by  itself,  the  different  proximate 
constitutents  of  a  gaseous  mixture,  converting  each  into  a  solid  or  a 
liquid  form,  which  can  be  weighed  on  a  balance.  About  1840,  Euro- 
pean chemists  were  using  successfully  methods  of  this  class.  One 
method,  which  arose  at  that  time  out  of  their  experiments  in  this 
direction,  was  that  still  in  use  in  "  Organic  Analysis,"  for  separating 


*  I  may  be  excused  for  here  introducing  the  remark  that  I  myself  have  endeavored 
to  do  my  share  with  other  gas  chemists  towards  the  emendation  of  Bunsen's  system 
of  eudiometry.  My  own  efforts  have  been  generally  in  the  direction  of  simplifica- 
tion, acceleration,  and  more  especially  to  attain  (wliat  1  liave  always  deemed)  the 
great  desideratum  of  a  reduction  of  the  needful  amount  of  quicksilver  to  a  minimum. 
I  now  use  sim^ple  devices  and  manipulations  which  enable  me  to  accomplish  all  the 
essential  work  of  eudiometry  with  at  the  most  10  lbs.,  and  chiefly  with  not  more  than 
5  lbs.  of  the  liquid  metal.  These  will  soon  be  submitted  to  the  chemical  world. — 
H.  W. 
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in  distinct  and  weighable  forms  water  and  carbonic  acid.  Strangely, 
however,  the  capabilities  of  these  methods  seem  to  have  been  looked 
npon  as  very  narrow  and  special,  and  they  have  passed  almost  out  of 
view.  At  the  present  day  it  is  probable  that  a  majority  of  chemists 
would  not  have  anticipated,  in  advance,  much  satisfactory  success  in 
the  application  of  these  modes  of  procedure  to  such  complex  mixtures 
as  crude  coal-gas,  or  a  furnace-gas.  My  experience  has,  neverthe- 
less, tended  to  an  opposite  conclusion,  and  I  believe  that  I  discern,  in 
this  direction,  the  only  practicable  road  to  complete  success  in  the 
proximate  analysis  of  heterogeneous  gases. 

[In  this  memoir,  I  will  here  say,  I  must  confine  myself  mainly  to 
illuminating  gases.  The  handling  of  furnace-products  by  these  me- 
thods will  furnish  subjects  for  future  communications.] 

In  a  crude  coal-gas,  as  drawn  from  the  hydraulic  main,  over  the 
retort  benches,  the  following  main  constituents  may  be  enumerated, 
which  it  is  highly  important  that  a  gas-chemist  should  be  competent 
to  separate  and  determine  with  precision  : 

1.  Tar,  suspended  in  the  form  of  spray. 

2.  Water,  in  similar  mechanical  admixture. 

3.  Water,  as  vapor,  dissolved  in  the  gas. 

4.  Naphthaline  (condensable). 

5.  Other  condensable  hydrocarbons. 

6.  Smoke  and  soot  (with  dust). 

7.  Ammonia. 

8.  Carbonic  Acid. 

9.  Sulphuretted  Hydrogen. 

10.  Carbonic  Oxide. 

11.  Oxygen,  that  is,  Intermixed  Air. 

Of  these  eleven  proximate  constituents  I  have  so  far  succeeded  in 
separating,  with  very  satisfactory  sharpness,  Nos.  1,  2,  3,  6,  7,  8,  9, 
and  11 ;  eight  in  all,  besides  some  approximation  to  No.  4,  the  naph- 
thaline in  excess.     Nos.  5  and  10  are  still  subjects  of  experiment. 

My  success  so  far  is  to  be  attributed  mainly  to  the  gradual  attain- 
ment and  combination,  by  tentative  experiment,  of  the  following 
devices  and  manipulations. 

First — Arresting  suspended  matter  by  means  of  empty  dry  flasks 
and  straining  through  cotton  previously  desiccated. 

Absorbing  next,  the  ammonia,  by  means  of  reagents  which  act  on 
no  other  ingredient. 
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Next,  drying  the  gas  with  calcium  chloride,  which,  ammonia  being 
absent,  may  now  be  done. 

Next,  taking  up  the  sulphuretted  hydrogen  by  a  normal  metallic 
salt,  so  selected  or  so  managed  as  to  give  up  no  water  or  acid  vapor 
to  the  desiccated  gas. 

Next  using  sodic  hydrate  to  absorb  the  cai-bonic  acid,  with  certain 
precautions  described  below. 

Next,  alkalized  pyrogallol  or  other  suitable  agent,  to  absorb 
oxyo^en,  arranged  so  as  to  lose  no  water. 

In  the  case  of  illuminating  gases — with  some  few  others — the  final 
(rough)  measurement  of  the  gas  is  then  made  at  an  observed  tempera- 
ture by  a  gas  meter;  if  with  a  dry  meter,  directly;  if  with  a  wet 
meter,  after  saturation  with  moisture  at  the  temperature  of  melting  ice. 
In  the  latter  case,  of  a  wet  meter,  the  amount  of  final  moisture  in 
the  eras  is  determined  by  a  reiterated  desiccation  with  calcium  chloride. 
The  whole  process  is  finally  completed  and  the  separations  ren- 
dered as  sharp  as  may  be,  by  a  process  of  distillation,  either  at  the 
ordinary  or  higher  temperature  in  a  current  of  the  same  gas  analyzed, 
that  has  been  previously  subjected  to  the  same  or  similar  treatment 
and  thus  freed  from  all  the  ingredients  to  be  separated  from  each 
other. 

After  final  weighings,  the  correct  initial  volume  of  the  gaseous 
mixture  is  calculated  by  certain  formulae  derived,  as  specified  below, 
from  the  crude  meter-indications  and  the  final  weighings. 

I  shall  now  proceed  to  an  attempt  to  explain  (simultaneously  to 
save  space)  the  details  of  the  methods  as  applied  to  each  constituent, 
and  those  of  the  construction,  preparation,  and  arrangement  of  the 
difi"erent  pieces  of  apparatus,  as  connected  and  represented  in  the 
figures. 

I.  Analysis  op  Crude  Gas,  in  the  Gas-House,  before 
Purification. 

The  mechanically  suspended  Tar  and  Water.  The  joint  devices 
for  arresting  these  two  substances,  in  the  first  instance,  are  shown  in 
Fig,  1,  letters  A  to  F  inclusive.  A  indicates  an  inch-thick  soft- 
rubber  cork,  with  two  perforations,  occupied  respectively  by  a  ther- 
mometer and  an  eduction-tube  bent  at  a  right  angle,  inserted  into  an 
aperture  bored  through  the  wall  of  the  hydraulic  main  or  of  any 
other  main  in  the  works.     This  eduction-tube  must  at  once  descend,  to 
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allow  liquids  to  flow  into  the  flask,  and  must  have  a  stop-cock  in  it. 
The  first  member  of  the  train  is  an  empty  dry  thin  glass  flask  C, 
which  collects  almost  the  whole  of  the  spray,  aqueous  and  tarry.  DD 
are  two  stoppers  for  closing  C  hermetically,  constructed  of  pieces  of 
rubber  tube  closed  at  one  end  by  short  sections  of  glass  rod.  The 
bent  wires  by  which  these  are  permanently  attached  to  the  flask  had 
better  be  of  iron  than  of  copper,  as  they  are  to  be  weighed  with  the 
flask,  and  the  latter  metal  is  quickly  blackened  and  may  be  slightly 
changed  in  weight  by  the  sulphide  of  ammonium  that  pervades  the 
atmosphere  of  the  gas-house.  In  a  permanent  apparatus,  for  nicety, 
platinum  wires  had  better  be  used.  Copper  wires,  however,  used 
here,  and  in  other  parts  of  the  apparatus,  may  be  protected  pretty 
well  by  coating  with  collodion,  or  even  with  a  film  of  paraflSne.  [All 
the  brass  stop-cocks  I  use  in  these  and  all  other  operations  with 
sulphuretted  gases,  I  prefer  to  plate,  inside  and  out,  with  nickel, 
which  protects  them  perfectly  against  sulphur.  This  nickel-plating 
every  gas-chemist  will  find  it  well  worth  his  while  to  perform  for  him- 
self, as  it  is  very  easy  to  accomplish,  in  case  of  brass  and  copper 
surfaces,  with  slight  practice.  I  propose  publishing  a  note  which  I 
think  will  lead  any  laboratory  worker  to  success  in  his  first  trials.] 

These  trains  of  apparatus  are  probably  most  conveniently  set  up 
by  being  suspended  to  a  strong  wire — best  of  soft  copper — stretched 
tightly  between  two  convenient  points  of  attachment.  To  make  this  wire 
tense  or  "  taut,"  it  had  better  be  in  two  pieces,  attached  first  at  the  ex- 
tremities, then  twisted  together  strongly  and  warily  with  pincers  at 
the  point  of  meeting.  The  tubes  are  hung  on  inverted  V-shaped  (^) 
wires  bent  into  hooks  below.  These,  for  simplicity,  are  not  figured. 
All  the  rubber  tubing  used  as  connectors,  I  wash  laboriously,  inter- 
nally and  externally,  in  a  rapid  current  of  water  with  hard  rubbing 
between  the  hands,  until  absolutely  clean,  then  rub  dry,  and  lubricate, 
within  and  without,  with  thick  syrupy  glycerin.  The  excess  of  this 
being  wiped  off,  the  tubing  is  found  permanently  more  flexible,  far 
less  liable  to  abrasion  of  surface,  more  easily  slipped  over  ends  of 
glass  tubing,  and,  above  all,  has  its  capacity  for  absorbing  certain 
constituents  of  the  gas  reduced  to  a  minimum.  All  the  corks  should 
be  rubber,  scoured  and  glycerated  superficially  in  the  same  way.  The 
cork  at  A — owing  to  the  heat  and  actual  contact  with  tar — and,  to  a 
less  extent,  the  cork  of  flask  C,  are  somewhat  penetrated  and  soft- 
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ened,  so  that  A  gives  out,  after  being  used  a  number  of  tiroes.  The 
others  last  indefinitely.* 

E  and  F  are  sT;uflFed,  uniformly,  but  as  loosely  as  practicable,  with 
cotton,  which  is  best  inserted  and  gently  packed  down,  in  successive 
small  wads,  picked  out  before  insertion.  The  bulbous  pattern,  like 
E,t  may  present  here  some  advantage,  but  it  is  not  at  all  essential. 
Its  use,  as  photographed  in  this  case,  was  in  order  to  bring  down 
somewhat  the  level  of  the  rest  of  the  train.  I  have  used,  and  prefer, 
a  compound  cotton  apparatus,  or  two  tubes  of  the  size  of  F,  united 
by  a  twisted  wire  in  the  manner  of  A  in  Fig.  4.  These  can  be 
Aveighed  together  conveniently. 

Even  in  case  of  a  gas  that  has  passed  through  condensers  and 
scrubbers,  it  seems  necessary  to  use  two  tubes  of  cotton.  In  one 
actual  series  of  analyses,  of  unpurified  coal-gas  before  and  after  hav- 
ing passed  the  scrubbers  and  condensers,  the  second  tube  F,  increased, 
on  an  average,  in  weight  (all  moisture  having  been  removed)  from 
the  uncondensed  gas  "128  grain,  and  from  the  condensed  "072  grain, 
per  cubic  foot  of  gas  passed,  up  to  7  cubic  feet.  The  main  considera- 
tion here  is  the  initial  pressure  at  command,  of  the  gas.  If  the  cus- 
tomary exhauster  is  employed  in  the  gas-works,  and  kept  at  work 
during  the  analyses,  the  pressure  between  the  exhauster  and  the 
retorts  may  be  found  so  low  that  a  train  attached  between  these,  may 
not  admit  of  more  than  one  cotton  tube,  and  even  this  packed  as 
loosely  as  possible.  At  points  beyond  the  exhauster,  however,  this 
trouble  seldom  occurs ;  it  having  been  necessary  indeed,  in  some  such 
cases,  with  unpurified  gas,  to  partially  close  the  cock  in  the  eduction 
tube,  to  bring  down  the  rate  of  flow  through  the  train  to  about  one 
cubic  foot  per  hour,  which  it  should  not  in  most  cases  exceed. 

The  Ammonia. — In  order  that  we  may  employ,  for  dehydration, 
the  highly  convenient,  powerful,  and  reliable  agent,  chloride  of  cal- 
cium, it  quickly  became  apparent  to  me,  in  my  earliest  experiments, 
that  the  ammonia  must  first  be  abstracted  from  the  gas;  and  my  first 
efforts   were   to  decide   upon  the  proper  agents  that  could  be  used, 


*  All  these  corks  should  be  of  the  best  quality  made.  Many  in  the  American  mar- 
ket are  very  poor — indeed,  useless,  for  this  kind  of  work. 

f  1  may  say  here  tliat  E,  iis  shown  in  the  cuts,  was  in  tlie  condition  left  after  hav- 
ing been  used,  and  in  drawing  from  the  photogrupli,  an  attempt  has  been  made,  none 
loo  successfully,  to  reproduce  the  shading  of  tli*  arrested  soot. 
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in  solid  form,  for  this  absorption.  One  of  these  I  have  sufficiently 
tested,  by  quantitative  as  well  as  qualitative  experiments,  to  demon- 
strate its  entire  applicability  to  tliis  use;  namely,  fused  potassic  hi- 
sulphate.  It  is  proper  for  me  here  to  state  that  the  earliest  prelimi- 
nary experiments  with  the  bisulphate,  were  made,  at  my  suggestion, 
in  the  course  of  an  investigation  carried  on  jointly  by  Prof.  B'.  Silli- 
man,*  Dr.  S.  D.  Hayes  and  myself;  in  which  we  desired  to  absorb 
the  ammonia  of  crude  coal-gas.  We  all  became  convinced,  I  believe, 
that  potassic  bisulphate  had  the  power  to  take  out  qualitatively  the 
NH^  from  gas  ;  but  the  precautions  essential  to  success,  in  a  quantita- 
tive way,  have  been  since  worked  out  by  myself  alone. 

The  mode  of  preparation  of  the  bisulphate  is  by  simply  cracking  in 
a  mortar  to  the  average  size  of  wheat-grains,  and  removing  the  dust 
and  finer  particles  by  a  sieve  of  eight  holes  to  the  inch.  The  dust  is 
very  painfully  irritating  and  injurious,  and  its  inhalation  must  be 
avoided,  if  possible. 

[Though  many  chemists  seem  somehow  to  have  acquired  the  idea 
that  bisulphate  of  potash  possesses  more  or  less  deliquescence,  it  in 
reality  has  none  of  this  quality  whatever,  and  it  is  not  even  hygro- 
scopic, to  any  remarkable  extent.] 

It  must  not  be  supposed  that  the  bisulphate  takes  up  ammonia  as  NIP, 
which  would  involve  a  very  important  error.  The  compound  formed, 
as  desiccated  for  the  final  weighing,  is  the  double  sulphate  of  potash 
and  oxide  of  ammonium.  The  factor  am  in  the  equations  below  must 
be  obtained,  from  the  increase  of  weight,  by  multiplying  by  a  coeffi- 
cient =  'TOSSS.  And  it  may  here  be  remarked  that  a  part  of  another 
factor  wv  comes  likewise  from  this  increase  of  weight,  through  multi- 
plying it  by  -29267.     This  ammonia-tube  is  lettered  G. 

The  Water. — Chliorde  of  calcium  for  absorbing  this,  comes  next 
in  our  Fig.  1  train,  though,  as  it  would  be  merely  a  duplicate  of  G. 
the  CaCl  tube  has  been  omitted  from  the  cut.  I  prefer,  after  trying 
many  preparations — a  fused  chloride,  assuring  myself,  above  all,  that 
it  is  free  from  every  trace  of  causticity,  and  crack  it  up  to  the  size  of 
small  peas,  sifting  out  all  that  passes  a  sieve  of  six  holes  to  the  inch. 


*  Prof.  Silliman  has  also  since  worked  by  himself  on  this  or  a  closely  related  sub- 
ject, and  made  a.  commuinication  to  the  National  Academy,  at  the  late  Philadelphia 
meeting,  to  which  I  would  refer.  Prof.  S.,  I  believe,  experimented  chiefly  on  the 
utilization  of  crude  commercial  bisulphates,  generally  of  soda,  called  "salt  cake"  in 
commerce;   for  the  technical  extraction  of  ammonia  from  gas. 
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P'or  the  small  CaCl-tube  J,  the  one  in  M  (Fig.  1),  and  J  and  L  in 
Fig.  4,  I  find  it  desirable  to  crack  but  little,  if  any,  smaller ;  to  avoid 
risk  of  obstruction. 

The  Sulphuretted  Hydrogen. — For  this  constituent  I  have  tried 
several  absorbents,  but  none  as  yet  that  answers,  on  the  whole,  so 
well  as  common  crystallized  blue  vitriol,  cracked  and  sieved  to  wheat- 
grain  size.  As  in  desiccated  air  it  slowly  loses  some  of  its  water 
(Graham  found  that  in  fine  powder,  over  oil  of  vitriol,  it  lost  in  seven 
days  3  of  its  5  water-equivalents)  I  add  a  small  calcium  chloride  tube, 
which  is  of  course  weighed  with  it  in  all  cases.  The  test-tube  K, 
containing  a  slip  of  lead-paper  belongs  (qualitatively)  with  the  cupric- 
sulphate  tube  H. 

With  crude  gas  from  highly  sulphurous  coals  it  may  sometimes  be 
prudent  to  duplicate  this  member  of  the  train.  Of  course  the  small 
CaCl  tube  J  need  be  added  only  to  the  second  one.  The  increase  of 
weight  in  this  member  is  of  course  HS.  If  to  be  calculated  as  simple 
sulphur,  as  sometimes  required,  it  must  be  multiplied  by  -9471. 

The  Carbonic  Acid. — The  agent  which  combines,  for  this  absorp- 
tion, the  greatest  advantages  by  far,  is  that  form  of  sodic  hydrate 
now  so  cotnmon  in  commerce,  cast  into  pencils,  and  labeled  "  soda  by 
lime."  In  this  class  of  operations  the  weight  of  CO^  to  be  absorbed 
is  often  very  large.  In  ten  cubic  feet  of  crude  coal-gas  containing  2 
per  cent,  by  volume  of  CO',  there  is  about  Yl'l  grains  by  weight  of 
the  latter,  which  requires  for  absorption  (if  normal  carbonate  be 
formed)  near  315  grains  of  sodic  hydrate.  Although  some  bicarbon- 
ate is  usually  formed,  yet  the  absorbing  surface  required  is  large. 
Potassic  hydrate,  prescribed  in  the  books,  is  wholly  out  of  the  ques- 
tion for  these  methods.  The  solubility  of  KO,CO-  is  so  great,  espe- 
cially as  much  heat  is  always  developed  during  tlie  CO'  absorption, 
that  the  water  of  the  hydrate  serves  to  melt  the  mass  into  a  magma 
and  quickly  to  obstruct  the  flow.  In  cases  where  mere  abstraction  of 
CO^,  without  weighing,  is  the  object,  one  large  tube  containing  10  or 
12  ounces  of  sodic  hydrate — as  in  H,  Figs.  2  and  3 — may  be  em- 
ployed ;  but  in  the  case  under  consideration,  two  tubes  must  be  used, 
containing  each  5  or  6  ounces,  to  reduce  within  conveniently  weiglr 
able  limits.     These  are  here  lettered  L  and  M. 

To  be  continueil.) 


156  Chemistry^  Physics,  Technology^  etc. 

DILATATION  OF  CAST  IRON  AND  THE  PHENOMENA  OF  THE  CRANE  LADLE/ 


By  Robekt  Mallet,  C.  E.,  F.  R.  S.,  etc. 


In  my  former  paper  on  this  subject — The  Engineer,  Sept.  11th — the 
linear  dilatation  of  bright  gray  cast  iron  between  60°  Fahr.  and 
2400°,  the  assumed  temperature  at  which  such  liquid  cast  iron  is 
usually  poured  into  moulds,  was  deduced  as  equal  to  0-02606  of  the 
unit  length.  The  temperature  at  which  the  iron  is  poured  is,  how- 
ever, necessarily  above  the  melting  point,  and  in  my  experiments  this 
excess  may  be  estimated  at  200"  Fahr.,  deducting  which  from  the 
total  range  of  temperature  of  my  experiments,  viz.,  2400° — 60°, 
gives  for  the  entire  range  of  temperature  between  60°  and  the  melt- 
ing point  =  2140°,  the  total  dilatation  corresponding  to  which  is 
therefore  0*0234,  which  is  approximately  equal  to  9-32  in.  per  foot 
in  length.  The  average  allowance  made  by  pattern  makers  for 
"  shrinkage,"  deduced  from  long  experience,  varies  from  4-32  in.  to 
6-32  in.  per  foot  in  length  of  the  pattern,  and  with  some  highly  con- 
tractile cast  irons — such  as  the  No.  3  Blaenavon  pig,  much  used  for 
engineering  castings  some  years  ago — to  about  8-32  in.  The  actual 
dilatation  as  thus  determined  experimentally  exceeds  the  excess  in 
dimensions  given  to  patterns  in  accordance  with  the  empiric  rules  of 
pattern  makers ;  but  the  linear  dimensions  of  the  sand  mould  are  not 
determined  by  those  of  the  pattern  alone,  but  exceed  these  by  the 
amount  of  ^'rapping"  or  shaking  in  the  sand  necessary  to  free  the 
pattern,  and  enable  it  to  be  "  drawn"  therefrom.  The  mould  thus 
exceeds  the  dimensions  of  the  pattern  by  an  uncertain  and  variable 
linear  amount,  varying  with  the  absolute  size  and  form  of  the  pattern, 
the  delicacy  of  manipulation  of  the  workman  and  other  circumstances. 
And  as  we  see  the  enlargement  of  the  mould  produced  by  this  "  rap- 
ping" may  amount  to  almost  as  much  again  as  the  excess  in  dimen- 
sions which  the  pattern  maker  allows  in  the  pattern,  we  may  thus 
readily  observe  the  futility  of  the  statement  made  in  many  works  on 
metallurgy  that  the  pattern  makers'  allowance  for  '*  shrinkage"  affords 
a  criterion  for  fixing  the  total  dilatation  of  cast  iron.     Although  I 

*  Reprinted  from  the  London  Engineer. 
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have  been  thus  enabled  to  determine  experimentally  for  the  first  time 
the  actual  dilatation  of  that  most  valuable  variety  of  cast  irons, 
namely,  that  close  bright  gray  iron  employed  by  engineers  for  struc- 
tures and  machinery,  much  more  remains  to  be  done,  and  I  hope  will 
be  done,  by  other  experimenters  before  the  subject  can  be  considered 
as  complete.  The  total  dilatation  of  white  crystallized  cast  iron,  and 
of  the  very  soft  large  grained  and  almost  black  cast  iron  which  occupy 
the  two  extremes  as  to  dilatation,  remain  yet  to  be  experimentally 
determined,  as  well  as  the  effects  of  very  rapid  or  very  slow  cooling 
upon  the  same  cast  iron.  These  did  not  come  within  the  scope  of  my 
own  inquiry,  which  was  limited  to  proving  that  liquid  cast  iron  is  not 
more  but  less  dense  than  the  same  cast  iron  in  the  solid  state  and  at 
atmospheric  temperature,  contrary  to  the  views  often  expressed,  and 
prominently  so,  by  Messrs.  Nasmyth  and  Carpenter  in  their  work 
upon  the  moon.  In  support  of  their  views  two  different  sets  of  col- 
lateral facts  have  been  appealed  to,  namely,  first,  the  notion  that  the 
perfection  with  which  cast  iron  adapts  itself  to  the  form  of  the  mould 
arises  from  its  assumed  expansion  in  volume  at  the  moment  of  con- 
solidation or  "setting."  This  I  have  treated  of  in  my  last  communi- 
cation—  The  Engineer,  11th  inst. — and  shown  that  there  are  sufficient 
reasons  why  cast  iron  affords  such  perfect  oftstings,  irrespective  of  any 
delusive  appeal  to  such  expansion  in  volume,  which  has  been  proved 
not  to  have  any  existence.  Secondly,  another  class  of  facts,  viz., 
those  presented  by  the  circulatory  movements  noticeable  in  large 
masses  of  liquid  cast  iron,  have  been  appealed  to  in  support  of  the 
erroneous  notion  of  the  increase  in  density  in  cast  iron  with  increase 
of  temperature  above  the  melting  point.  When  a  large,  clean  and 
newly-lined  crane  ladle,  containing  eight  or  ten  tons,  is  filled  from  the 
furnace,  and  left  to  repose,  circulatory  currents  may  be  observed  to 
set  in  more  or  less  energetically  in  the  liquid  metal.  It  is  scarcely 
necessary  to  state  in  The  Engineer  that  the  crane  ladle  is  a  nearly 
cylindrical  vessel,  with  a  flat  or  slightly  convex  bottom  formed  of 
thick  boiler-plate,  and  that  it  is  lined  in  the  inside  with  plastic  clay 
and  sand  mixed  with  other  materials  and  dried  perfectly,  so  as  to 
form  a  badly  conducting  stratum  between  the  iron  of  the  ladle  and 
the  mass  of  molten  metal  which  it  holds,  the  exposed  surface  of  the 
lining  being  usually  black-washed  with  powdered  coal  and  water. 
When  the  directions  of  the  currents  in  such  a  ladle  are  observed,  it  is 
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found  that  they  move  upwards  about  the  exterior  or  sides  of  the 
metal,  that  at  the  surface  they  pass  inwards  convergingly  towards  the 
centre,  and  may  be  inferred  thence  to  descend  about  the  central  por- 
tions of  the  liquid  mass,  and  arriving  at  bottom  of  the  ladle,  pass  out- 
wards divergently,  to  be  again  carried  upwards  at  the  sides — these 
directions  being  such  as  are  shown  by  the  arrows  on  the  adjacent 
figure,  which  is  nearly  similar  to  that  given  by  Mr.  Nasmyth  in  the 


work  above  mentioned.  These  circulatory  currents  are  attributed  by 
him  to  the  cooling  of  the  mass,  and  on  this  assumption  he  correctly 
aro^ues  that  as  the  cooling  tiikes  place  chiefly  from  the  bottom  and 
sides  of  the  ladle  by  radiation  and  by  evecting  currents  of  air,  and  as 
the  currents  are  upwards  at  the  sides  of  the  ladle  where  the  iron  is 
coldest,  so  the  specific  gravity  of  the  iron  thereabouts  must  be  less 
than  that  of  the  hotter  central  parts  of  the  mass,  whence  he  concludes 
that  the  cast  iron  itself  dilates  as  it  cools  in  place  of  contracting,  for 
if  it  contracted  the  currents  must  be  in  the  reverse  directions  to  those 
indicated  by  the  arrows  in  the  figure.  No  fault  whatever  can  be 
found  with  this  reasoning,  provided  we  admit  the  assumption  upon 
which  it  rests,  namely,  that  the  currents  observed  are  produced  by 
cooling  alone,  that  is  by  the  difference  in  temperature  at  any  moment 
between  the  circumferential  and  the  central  portions  of  the  liquid 
mass.  In  a  paper  on  this  subject  read  before  the  Royal  Society  last 
session,  and  which  will  be  published  probably  about  the  end  of  this 
year,  I  have  pointed  out  that,  considering  the  density  and  viscosity 
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of  liquid  cast  iron,  and  the  small  amount  of  its  contraction  per  degree 
Fahr.,  no  such  currents  as  are  observed  in  large  crane  ladles  could 
be  produced  by  cooling  at  the  rate  at  which  that  actually  proceeds  in 
such  masses.  The  currents,  however,  are  there,  and  usually  in  the 
directions  shown  in  the  above  figure.  From  what,  then,  do  they 
arise,  if  not  from  cooling  ?  They  really  originate  in  the  ascending 
current  of  gases  and  vapor  given  forth  bv  the  material  of  the  lining 
when  exposed  to  the  high  temperature  of  the  liquid  metal.  The  clay 
and  sand  are  mixed  sometimes  with  pulverized  coke  and  with  chaff  or 
plasterers'  cowhair,  or  other  fibrous  matter,  to  give  it  coherence  before 
being  dried,  and  sufiicient  openness  of  texture  not  to  blister  or  split 
off  or  jKirt  from  the  ladle  when  suddenly  heated.  All  the  materials 
of  the  liiiing,  therefore,  except  occasionally  the  sand,  evolve  torrents 
of  gases  and  vapors  as  soon  as  the  lining  is  exposed  to  the  roasting 
contact  with  the  liquid  metal.  Clays,  which  are  natural  hydrous  sili- 
cates, and  contain  mechanically  suspended  as  well  as  chemically  com- 
bined water,  when  exposed  to  a  bright  red  heat  evolve  these  as  highly 
heated  steam.  The  coal  wash,  the  coke  dust,  and  the  organic  matters 
present,  are  more  or  less  rapidly  torrefied  and  converted  into  carbonic 
oxide  and  acid,  vapor  of  water,  and  several  other  volatile  vapors  or 
gases.  Innumerable  streams  of  these  are  evolved  and  stream  up 
through  the  liquid  metal  most  rapidly  and  copiously  where  that  is  in 
contact  with  the  largest  proportionate  surface  of  the  lining,  giving 
rise  to  the  ascending  currents  at  the  sides  of  the  ladle  as  seen  in  the 
figure,  and  the  upward  movement  of  which  necessarily  results  in  the 
creation  of  the  convergent  surface,  the  descending  central,  and  the 
divergent  bottom  currents.  That  this  is  the  true  solution  of  the  pro- 
duction of  these  currents  is  conclusively  shown  by  the  following  facts. 
Large  ladles  are  usually  lined  afresh  every  time  they  are  used ;  if,  as 
often  happens,  the  metal  filling  such  a  ladle  be  tapped  at  too  high  a 
temperature,  and  be  let  to  repose  for  a  considerable  time  until  its 
temperature  be  suitable  for  the  purposes  of  the  founder,  it  may  be 
observed  that  the  energy  of  these  circulatory  currents  sensibly  dimin- 
ishes, so  that  in  a  ladle  of  eight  or  ten  tons  they  almost  cease  to  be 
observable,  and  in  much  smaller  ladles  may  be  occasionally  seen  to  be 
reversed  in  direction  though  with  enfeebled  energy.  It  occasionally 
happens,  however,  that  a  large  crane  ladle  is  required  to  be  filled  with 
metal  a  second  time  before  the  lininfr  has  cease  I  to  be  hot.  In  this 
case  almost  no  currents  are  produced,  and  such  as  may  be  remarked 
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are  not  in  the  directions  shown  in  the  figure.  The  volatile  matters 
contained  in  the  lining  material  having  been  by  the  double  heating 
completely  driven  oflF,  the  ascending  circumferential  currents  cease  to 
be  produced.  The  phenomena  of  the  crane  ladle,  therefore,  when 
rightly  interpreted,  present  no  corroboration  whatever  of  the  erro- 
neous supposition  that  cast  iron  becomes  denser  as  its  temperature 
above  its  melting  point  is  higher.  It  is  to  the  nature  of  the  gases  and 
vapors  generated  from  the  materials  of  the  lining,  and  chemically 
reacting  upon  the  liquid  iron  as  they  stream  up  through  it,  as  well  as 
to  the  action  of  the  atmosphere  upon  the  constituents  of  the  cast  iron 
itself  at  the  surface  of  the  molten  mass,  that  are  to  be  ascribed  those 
curious  starting  and  vermicular  movements  visible  upon  the  surface  of 
a  ladle  of  liquid  iron,  and  known  amongst  founders  as  the  "  breaking" 
of  the  metal.  The  vapor  of  water  as  it  streams  upwards  is  partially 
decomposed,  and  its  oxygen  oxydates  some  portions  of  the  cast  iron 
while  its  hydrogen  deoxydates  others.  The  gases  generated  from  the 
organic  materials  present  produce  like  reactions.  At  the  surface  of 
the  molten  metal  the  oxygen  of  the  atmosphere  oxidates  some  of  the 
silicon  present,  producing  a  film  of  silicic  acid  which  rapidly  combines 
with  the  oxide  of  iron  or  of  other  metals  also  on  the  surface,  pro- 
ducing thus  continually  a  pellicle  of  fused  silicate  of  iron  which  breaks 
and  aggregates  itself  to  any  little  globular  particles  of  slag  or  silicate 
already  formed  and  floating  on  the  surface  ;  and  as  in  numerous  other 
examples  where  opposite  chemical  reactions  are  going  on  at  different 
points  in  the  same  liquid  mass  as  here,  oxidation  and  deoxidation, 
those  starting  movements  are  visible  which  are  the  indications  of  sud- 
den overthrows  of  chemical  equilibrium. 

This  is  but  a  very  brief  sketch  of  the  causes  of  those  curious  move- 
ments seen  in  the  "  breaking"  of  cast  iron,  and  in  many  other  metals 
having  high  melting  points  and  of  ready  oxidation  and  reduction 
which  have  been  long  observed,  but  not,  that  I  am  aware  of,  pre- 
viously been  attempted  to  be  explained.  They  present  many  points 
of  high  interest  to  the  chemist  and  molecular  physicist,  and  present  a 
fertile  field  for  fuller  investigation,  but  the  subject  is  of  theoretic 
rather  than  of  direct  practical  importance. 
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ITEMS  AND  NOVELTIES. 

Tank  for  Continuously  Measuring  Feed  Water. — We  here- 
with present  illustrations  of  the  tank  used  during  the  experiments 
with  the  U.  S.  coast  survey  steamer  "Bache,"  set  forth  in  the 
report  of  consulting  engineer  Chas.  E.  Emery,  published  in  the 
February  number  of  this  Journal.  An  almost  identical  system 
was  adopted  in  the  experiments  with  the  U.  S.  revenue  steamers,  as 
set  forth  in  the  report  of  chief  engineer  Loring,  U.  S.  N.,  and  consult- 
ing engineer  Emery,  which  appears  in  the  present  number.* 

Figure  1  is  a  side  elevation,  and  Figure  2,  a  plan  of  the  tank  which 
is  shown  erected  on  blocks  of  wood.  The  tank  is  divided  into  two 
parts  by  a  central  partition  (B)  of  less  height  than  the  outer  walls. 
During  the  experiments  the  tank  was  placed  on  the  main  deck,  in  the 
gangway  abreast  of  the  engine,  and  the  feed  water  delivered  to  the 
same  directly  by  the  air  pump,  through  a  pipe  with  a  flexible  termina- 
tion (C),  which  could  be  directed  over  either  compartment  (A,  A')  of 
tank.  A  pipe  (E)  with  two  branches  (G,  G')  and  regulating  cock 
(D,  D')  in  each,  conducted  the  water  from  the  two  compartments  re- 

*Further  explanation  will  be  found  in  the  reports  referred  to. 
VOL.  LXIX.— Third  Sbrieb.— No.  3.— Makch,  1875.  12 
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spectively,  to  a  tank  in  the  hold,  from  which  the  water  was  withdrawn 
by  the  engine  feed  pumps. 

Fig.  1  Fig.  2. 


The  measurement  was  made  by  filling  one  compartment  (A),  for  in- 
stance, till  it  over-flowed  into  the  other  (A'),  which  had  been  pre- 
viously emptied;  the  supply  was  then  changed  to  the  latter  (A'),  and 
when  the  surplus  water  in  first  (A)  had  run  ofi",  that  compartment  was 
emptied  and  cock  on  bottom  of  same  closed  in  time  to  receive  the 
overflow  from  the  other  (A') ;  the  operation  being  repeated  alternately 
with  each  compartment. 

New  Nut-Locking  Washer. — At  a  recent  meeting  of  the  Insti- 
tute, the  Secretary  described  the  device  herewith  illustrated,  which 
was  presented  for  exhibition  by  George  H.  Ball,  Esq.,  of  Mount 
Holly,  N.  J.  The  invention  is  known  as  Winslow's  Improved  Nut- 
Locking  Washer,  for  fish-plate  bolts,  railroad  trucks,  etc.,  and  its 
features  will  be  apparent  from  the  following  description : 

Figure  1  represents  a  volute  coni- 
cal spring,  formed  of  spring  wire, 
which  is  placed  on  the  bolt  with  its 
base  against  the  fish-plate,  followed 
by  a  friction  washer,  and  both 
brought  to  their  places  by  turning 
the  holding  nut  up  firmly  against 
them,  as    shown    in    Figure    2,   in 
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^hich  the  nut  C,  friction-washer  S,  spring  A,  and  fish-plate  B,  are 
shown  in  position  on  the  bolt  D. 


It  is  claimed  for  the  device,  that  the  spring,  by  its  considerable 
resisting  force  against  the  holding  nut,  prevents  any  loosening  of  the 
same,  in  consequence  of  the  vibration  to  which  it  will  be  exposed 
when  in  use.  W. 


Centennial  Exhibition. — As  but  a  little  more  than  a  year  now 
remains  before  the  opening  of  the  Exhibition  an  increased  interest  is 
manifested  in  the  preparations,  and  a  desire  to  know  what  progress  is 
being  made  on  the  different  buildings. 

With  the  view  of  furnishing  information  on  this  subject  the  follow- 
ing particulars  have  been  obtained  from  official  sources  : 

The  art  building  is  from  designs  by  Mr.  H.  J.  Schwarzmann, 
and  the  contract  was  let  to  Mr.  Dobbins,  last  summer,  to  be  finished 
by  January  1st,  1876. 

At  first  there  was  some  apprehension  in  the  public  mind  as  to  the 
ability  to  complete  it  by  that  time,  owing  to  the  supposed  diflicultiea 
of  obtaining  the  materials  in  season,  and  especially  the  granite.  A 
large  portion  of  this  is  now  delivered  on  the  ground,  and  the  quantity 
now  at  sea  and  ready  for  shipment  at  the  quarries  warrants  the  belief 
that  all  will  be  delivered  by  May  1st. 
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The  brick  work  of  the  interior  walls  has  reached  a  height  of  about 
fifty  feet,  and  the  setting  of  the  granite  is  well  started.  The  iron 
work  is  being  pushed  forward  in  the  shops,  and  all  other  materials 
are  fully  provided  for. 

The  preparations  of  Mr.  Dobbins  for  setting  the  stone  and  iron 
work  (including  eight  traveling  steam  cranes,  derricks,  etc.')  have 
been  most  ample,  and  will  insure  the  rapid  progress  of  this  portion  of 
the  work. 

In  view  of  all  these  facts  the  contractor  is  quite  confident  that  he  will 
be  able  to  complete  the  building  before  the  time  specified  in  his  con- 
tract. As  the  work  progresses  it  meets  the  expectations  of  those 
who  advocated  this  particular  design,  and  the  favor  with  which  it 
has  been  received  in  foreign  countries  (where  it  has  been  largely 
published)  is  very  gratifying. 

The  main  building,  which  will  be  1880  feet  long  by  464  in  width, 
is  also  under  contract  to  Mr.  Dobbins,  and,  as  in  the  case  of  the  art 
building,  his  preparations  are  of  the  most  ample  character. 

The  ground  is  graded,  the  foundation  piers  (about  700)  are  nearly 
all  built  to  the  surface  ready  to  receive  the  superstructure,  and  the 
work  has  been  delayed  only  by  the  unprecedented  severity  of  the 
winter.  Three  railroad  tracks  have  been  laid  the  full  length  of 
this  building,  which  will  greatly  facilitate  the  delivery  of  material  on 
the  spot. 

The  iron  has  been  rolled  and  fitted,  and  is  now  ready  for  delivery 
on  the  grounds.  The  erection  will  commence  as  soon  as  the  weather 
permits,  certainly  not  later  than  April  1st. 

The  contract  for  this  building  also  requires  it  to  be  finished  by 
January  1st  next,  but  as  the  preparations  are  so  well  advanced,  and 
as  the  finishing  can  be  proceeded  with  in  part  as  soon  as  a  portion  of 
the  frame  work  is  up,  it  is  not  improbable  that  it  will  be  completed 
two  months  sooner. 

The  machinery  building  is  from  designs  by  and  its  erection  is  in 
charge  of  Messrs.  Pettit  &  Wilson,  engineers  and  architects  to  the 
Board  of  Finance.  It  will  consist  of  five  principal  avenues,  two  of 
90  feet  and  three  of  60  feet  in  width,  parallel  to  each  other,  and 
crossed  with  a  central  transept. 

It  will  be  of  wood  and  iron,  1402  feet  long  by  360  feet  wide,  with 
a  wing  in  the  rear  of  the  centre  208x210  feet,  in  which  is  a  water 
tank  60  by  160  feet  for  the  use  of  hydraulic  machines. 
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Mr.  Philip  Quimby,  of  Wilmington,  Del.,  has  contracted  to  com- 
plete this  building  by  October  1st  next.  He  has  broken  ground,  has 
much  material  worked  out,  and  will  put  a  large  force  at  work  as  soon 
as  the  weather  permits,  and  from  the  advanced  state  of  his  prep- 
aration, it  is  believed  he  will  complete  it  by  the  time  agreed  on. 

The  horticultural  hall  is  from  the  design  of  Mr.  H.  J.  Schwarzmann, 
and  will  be  built  of  iron  and  glass.  It  is  under  contract  to  Mr.  John 
Rice,  to  be  finished  by  September  15th,  and  the  committee  have  full 
confidence  in  his  completing  it  by  that  time. 

The  agricultural  hall  will  be  constructed  entirely  of  wood  and 
glass,  and  from  the  ease  with  which  these  materials  can  be  obtained, 
no  apprehension  is  felt  in  regard  to  having  it  ready  in  ample  time. 

The  water  and  gas  supply,  grading  and  preparation  of  the  grounds, 
means  of  transportation  to  and  within  the  enclosure,  railroad  tracks 
in  the  main  building  and  machinery  hall,  and  all  other  matters,  are 
receiving  their  full  share  of  attention. 

It  will  thus  be  seen  that  although  the  work  to  be  done  on  the  spot 
has  been  delayed  by  the  severe  winter,  yet  -that  portion  which  is  to 
be  done  elsewhere  has  been  pushed  forward  with  great  earnestness, 
and  there  need  be  no  apprehension  as  to  both  buildings  and  grounds 
being  ready  for  the  reception  of  goods  by  the  time  fixed. 

We  shall  endeavor  to  note  the  progress  made  from  month  to  month 
and  keep  the  readers  of  the  Journal  informed  on  the  mechanical 
and  engineering  matters  connected  with  the  great  undertaking. 

A  great  feature  of  the  Exhibition  will  be  not  only  the  machines, 
but  the  full  processes  of  manufacture,  to  a  much  greater  extent  than 
any  former  exhibition.  K. 

Firemen's  Respirators. — Professor  Tyndall  has  recently  made 
considerable  iinprovoinonts  in  his  respirator,  which  now  promises  to 
be  of  great  value  to  firemen.  The  apparatus,  when  in  use,  is  secured 
to  the  head  of  the  wearer  by  two  narrow  elastic  straps,  one  of  which 
passes  from  the  upper  part  of  the  apparatus  round  the  head ;  the 
other  passes  from  the  lower  part  of  the  apparatus  round  the  neck. 
The  total  weight  when  charged  with  the  filtering  materials  is  about 
nine  ounces,  and  its  advantages  over  previous  forms  are  its  lightness, 
simplicity  of  construction,  and  cheapness  ;  the  ease  and  rapidity  of 
adjustment;  no  undue  heating  of  the  head,  the  face  only  being  cov- 
ered ;  no  chance  of  derangement  by  the  bursting  of  water  tubes,  etc., 
as  none  are  used.  The  supply  of  .air  to  the  mouth  and  nose  being 
perfectly  free,  there  is  therefore  no  excessive  secretion  of  saliva. 
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On  the  alleged  Expansion  in  Volume  of  various  sub- 
stances in  passing  by  Refrigeration  from  the  state  of 
Liquid  Fusion  to  that  of  Solidification. — The  conclusions  of 
Mr.  Mallet  upon  the  *'  Dilatation  of  Cast  Iron  and  the  Phenomena 
of  the  Crane  Ladle,"  published  in  our  February  number,  have  excited 
so  much  interest  that  we  republish  here,  from  Nature,  an  abstract 
from  his  previous  paper  before  the  Royal  Society,  which  has  the 
above  title.  Mr.  Mallet's  well-known  ability  makes  his  opinion  upon 
these  matters  of  great  scientific  value. 

Since  the  time  of  Reaumur  it  has  been  stated  with  very  various 
degrees  of  evidence,  that  certain  metals  expand  in  volume  at  or  near 
their  points  of  consolidation  from  fusion.  Bismuth,  cast-iron,  anti- 
mony, silver,  copper,  and  gold  are  amongst  the  number,  and  to  these 
have  recently  been  added  certain  iren-furnace  slags.  Considerable 
physical  interest  attaches  to  this  subject  from  the  analogy  of  the 
alleged  facts  to  the  well-known  one  that  water  expands  between  30° 
Fahr.  and  32°,  at  which  it  becomes  ice ;  and  a  more  extended  interest 
has  been  given  to  it  quite  recently  by  Messrs.  Nasmyth  and  Carpen- 
ter having  made  the  supposed  facts,  more  especially  those  relative  to 
cast-iron  and  to  slags,  the  foundation  of  their  peculiar  theory  of  lunar 
volcanic  action  as  developed  in  their  work  "  The  Moon  as  a  Planet, 
as  a  World,  and  a  Satellite"  (-Ito,  London,  1874).  There  is  consider- 
able ground  for  believing  that  bismuth  does  expand  in  volume  at  or 
near  consolidation ;  but  with  respect  to  all  the  other  substances  sup- 
posed to  do  likewise,  it  is  the  object  of  this  paper  to  show  that  the 
evidence  is  insuflScient,  and  that  with  respect  to  cast-iron  and  to  the 
basic  silicates  constituting  iron  slags,  the  allegation  of  their  expan- 
sion in  volume,  and  therefore  their  greater  density  when  molten  than 
when  solid,  is  wholly  erroneous.  The  determination  of  the  specific 
gravity  in  the  liquid  state  of  a  body  having  so  high  a  fusing  tempera- 
ture as  cast-iron  is  attended  with  many  difficulties.  By  an  indirect 
method,  however,  and  operating  upon  a  sufficiently  large  scale,  the 
author  has  been  enabled  to  make  the  determination  with  considerable 
accuracy.  A  conical  vessel  of  wrought  iron  of  about  2  feet  in  depth 
and  1-5  feet  diameter  of  base,  and  with  an  open  neck  of  6  inches  in 
diameter,  ^  being  formed,  was  weighed  accurately  empty,  and  also 
when  filled  with  water  level  to  the  brim  ;  the  weight  of  its  contents 
in  water,  reduced  to  the  specific  gravity  of  distilled  water  at  60° 
Fahr.  was  thus  obtained.  The  vessel,  being  dried,  was  now  filled  to 
the  brim  with  molten  grey  cast-iron,  additions  of  molten  metal  being 
made  to  maintain  the  vessel  full  until  it  had  attained  its  maximum 


Items  and  Novelties.  167 

temperature  (yellow  heat  in  daylight)  and  maximum  capacity.  The 
vessel  and  its  contents  of  cast-iron  when  cold  were  weighed  again,  and 
thus  the  weight  of  the  cast-iron  obtained.  The  capacity  of  the  vessel 
when  at  a  maximum  was  calculated  by  applying  to  its  dimensions  at 
60°  the  coeflScient  of  linear  dilatation,  as  given  by  Laplace  and 
others,  to  its  range  of  increased  temperature  ;  and  the  weight  of 
distilled  water  held  by  the  vessel  thus  expanded  was  calculated  from 
the  weight  of  its  contents  when  the  vessel  and  water  were  at  60° 
Fahr.  after  applying  some  small  corrections. 

We  have  now  the  elements  necessary  for  determining  the  specific 
gravity  of  the  cast-iron  which  filled  the  vessel  when  in  the  molten 
state,  having  the  absolute  weights  of  equal  volumes  of  distilled  water 
at  60°  and  of  molten  iron.  The  mean  specific  gravity  of  the  cast- 
iron  which  filled  the  vessel  was  then  determined  by  the  usual  methods. 
The  final  result  is  that,  whereas  the  specific  gravity  of  the  cast-iron 
when  cold  is  7"170  it  was  only  6-650  when  in  the  molten  condition; 
cast-iron,  therefore,  is  less  dense  in  the  molten  than  in  the  solid 
state.  Nor  does  it  expand  in  volume  at  the  instant  of  consolidation, 
as  was  conclusively  proved  by  another  experiment.  Two  similar 
10-inch  spherical  shells  1*5  inches  in  thickness,  were  heated  to  nearly 
the  same  high  temperature  in  an  oven,  one  being  permitted  to  cool 
empty  as  a  measure  of  any  permanent  dilatation  which  both  might 
sustain  by  mere  heating  and  cooling  again,  a  fact  well  known  to 
occur.  The  other  shell,  when  at  a  bright  red  heat,  was  filled  with 
molten  cast-iron  and  permitted  to  cool,  its  dimensions  being  taken  by 
accurate  instruments  at  intervals  of  thirty  minutes,  until  it  had  re- 
turned to  the  temperature  of  the  atmosphere  (53°  Fahr.),  when,  after 
applying  various  corrections,  rendered  necessary  by  the  somewhat 
complicated  conditions  of  a  spherical  mass  of  cast-iron  losing  heat 
from  its  exterior,  it  was  found  that  the  dimensions  of  the  shell  whose 
interior  surface  was  in  perfect  contact  with  that  of  the  solid  ball 
which  filled  it  were,  within  the  limit  of  experimental  error,  those  of 
the  empty  shell  when  that  also  was  cold  (53°  Fahr.),  the  proof  being 
conclusive  that  no  expansion  in  volume  of  the  contents  of  the  shell 
had  taken  place,  which  was  further  corroborated  by  the  fact  that  the 
central  portion  was  found  much  less  dense  than  the  exterior,  whereas 
if  the  cast-iron  expanded  in  consolidating  the  central  portions  must 
be  more  dense  than  the  exterior. 

It  is  a  fact,  notwithstanding  what  precedes  and  well  known  to  iron 
founders,  that  certain  pieces  of  cold  cast-iron  do  float  on  molten  cast- 
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iron  of  the  same  quality,  though  they  cannot  do  so  through  their 
buoyancy,  as  various  sorts  of  cast-iron  vary  in  specific  gravity  at  60° 
Fahr.,  from  nearly  7'700  down  to  6'300,  and  vary  also  in  dilatability  ; 
that  thus  some  cast-irons  may  float  or  sink  in  molten  cast-iron  of  dif- 
ferent qualities  from  themselves  through  buoyancy  or  negative  buoy- 
ancy alone  ;  but  where  the  cold  cast-iron  floats  upon  molten  cast-iron 
of  less  specific  gravity  than  itself,  the  author  shows  that  some  other 
force,  the  nature  of  which  yet  remains  to  be  investigated,  keeps  it 
floating ;  this  the  author  has  provisionally  called  the  repellent  force, 
and  has  shown  that  its  amount  is,  cceteris  paribus^  dependent  upon 
the  relation  that  subsists  between  the  volume  and  "  efi'ective  "  surface 
of  the  floating  piece.  By  "  effective  "  surface  is  meant  all  such  part 
of  the  immersed  solid  as  is  in  a  horizontal  plane,  or  can  be  reduced 
to  one.  The  repellent  force  has  also  relation  to  the  difference  in  tem- 
perature between  the  solid  and  the  molten  metal  on  which  it  floats. 

The  author  then  extends  his  experiments  to  lead,  a  metal  known  to 
contract  greatly  in  solidifying,  and  with  respect  to  which  there  is  no 
suggestion  that  it  expands  at  the  moment  of  consolidation.  He  finds 
that  pieces  of  lead  having  a  specific  gravity  of  11-361  and  being  at 
70°  Fahr.  float  or  sink  upon  molten  lead  of  the  same  quality,  whose 
calculated  specific  gravity  was  11*07,  according  to  the  relation  that 
subsisted  between  the  volume  and  the  "  effective  "  surface  of  the  solid 
piece,  thin  pieces  with  large  surface  always  floating,  and  vice  versa. 
An  explanation  is  offered  of  the  true  cause  of  the  ascending  and 
descending  currents  observed  in  very  large  "ladles"  of  liquid  cast- 
iron,  as  stated  by  Messrs.  Nasmyth  and  Carpenter.  The  facts  are 
shown  to  be  in  accordance  with  those  above  mentioned,  and  when 
ri»htly  interpreted,  to  be  at  variance  with  the  views  of  these  authors. 

Lastly,  the  author  proceeds  to  examine  the  statements  made  by 
these  authors,  as  to  the  floating  of  lumps  of  solidified  iron-furnace 
slac  upon  the  same  when  in  a  molten  state ;  he  examines  the  condi- 
tion of  the  alleged  facts,  and  refers  to  his  own  experiments  upon  the 
total  contraction  of  such  slags,  made  at  Barrow  Ironworks,  and  a 
full  account  of  which  he  has  given  in  his  paper  on  the  true  nature 
and  origin  of  volcanic  heat  and  energy,  printed  in  Phil.  Trans.  1873, 
as  conclusively  proving  that  such  slags  are  not  denser  in  the  molten 
than  in  the  solid  state,  and  that  the  floating  referred  to  is  due  to 
other  causes.  The  author  returns  thanks  to  several  persons  for 
facilities  liberally  afforded  him  in  making  these  experiments. 
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Navy  Yard,  Washington,  D.  C,  Jan.  20,  1875. 
Editor  Journal  Franklin  Institute. 

Dear  Sir  :  In  your  number  for  March,  1874,  you  published  the 
record  of  a  curious  phenomenon  displayed  by  a  piece  of  iron  under 
test,  -which  exemplified  the  law  of  the  "  Increase  of  resisting  power  of 
metals"  by  stress.  In  the  May  or  June  number  appeared  a  table 
with  an  analysis,  embracing  a  number  of  similar  experiments.  The 
piece  of  iron  whose  action  furnished  the  first  article,  appeared  also  in 
the  second,  viz..  No.  1,  and  at  the  date  of  the  strain  reported,  Janu- 
ary, 1874,  it  had  reached  the  limit  of  elasticity  at  28250  lbs. 

The  specimen  was  laid  aside  for  nearly  one  year,  until  Dec.  20th, 
1874,  when  it  was  again  pulled  and  broken  at  a  strain  of  29350  lbs. 

The  entire  history  of  the  specimen  is  as  follows  :  It  was  hammered 
from  old  boiler  iron,  and  turned  down  in  the  lathe  to  a  cylindrical 
test  piece  '800  of  an  inch  in  diameter  and  1*5  inches  long,  was  pulled 
in  January,  1874,  until  the  lever  fell  at  the  limit  of  elasticity,  24300 
lbs.;  weights  were  then  taken  off  until  it  rebalanced  at  23075  lbs. 
The  piece  was  rested  seventeen  hours  and  repulled,  when  it  reached 
28250  lbs.  before  the  lever  fell,  and  was  rebalanced  at  26100  lbs. 
It  was  then  laid  aside  for  one  year,  and  then  broken  at  29350  lbs. 

Its  measurements  after  the  second  pull  were :  diameter  .677,  showing 
a  contraction  of  area  equal  to  28-3  per  cent,  of  original  diameter,  and 
its  length  2-07  inches,  showing  an  increase  of  38  per  cent,  of  original 
length.  After  breaking,  the  diameter  at  the  fracture  was  '565  inch, 
showing  entire  contraction  of  area  of  50*1  per  cent.,  and  length  after 
fracture  was  2-28,  an  increase  of  52  per  cent,  in  original  length. 

The  point  of  beginning  to  stretch,  on  the  final  pull,  was  at  28400 
lbs.,  almost  identical  with  the  point  of  limit  of  elasticity  on  the  pre- 
vious pull,  one  year  before,  and  96*7  per  cent,  of  the  final  breaking 
strain.  This  point  was  not  measured  on  the  first  and  second  pulls, 
but  judging  from  the  action  of  other  similar  pieces  since  broken,  it 
was  at  about  70  per  cent. 

The  iron  was  tough  and  fibrous,  and  in  this  test  gave  as  tensile 
strength  per  square  inch  of  original  area  48140  lbs.,  and  great  duc- 
tility. The  second  day's  limit  of  elasticity  was  56190  lbs.  per  square 
inch,  and  the  third  and  last  breaking  pull  gave  58383  lbs.,  but  with 
the  ductility  nearly  all  gone. 

L.  A.  Beardslee, 

Commander,  V.  S.  N. 
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Catechism  of  the  Locomotive.  By  M.  N.  Forney,  Mechanical 
Engineer,  New  York,  1875.  Published  by  The  Railroad  'Gazette, 
73  Broadway  : — The  author  of  this  book  of  650  pages  has  been  long 
and  favorably  known  as  the  Engineering  Editor  of  The  Railroad 
Gazette.  His  familiarity  with  railroad  management  in  America 
renders  him  well  qualified  to  instruct  on  all  that  pertains  to  the 
locomotive.  The  contents  of  this  book  have  already  appeared  in  the 
pages  of  the  Gazette,  its  publication  in  that  manner  having  extended 
over  a  period  of  more  than  a  year.  Its  collection  into  one  volume 
adds  a  book  long  wanted  to  the  library  of  the  engineer.  Its  produc- 
tion in  catechetical  form  seems  to  have  origrinated  in  a  belief  that  "  it 
has  some  very  decided  advantages  in  writing  for  those  who  have  not 
acquired  studious  habits  of  thought,"  as  "  to  such,  the  question  asked 
presents  first  a  distinct  image  of  the  subject  to  be  considered,  so  that 
the  explanation  or  instruction  which  follows  is  much  more  apt  to  be 
understood  than  it  would  be  if  no  such  questions  had  been  asked." 
To  prepare  an  acceptable  work  on  such  a  subject  as  the  locomotive 
in  its  American  aspect  requires  on  the  part  of  the  author  a  degree  of 
familiarity  with  his  subject  attainable  only  in  his  capacity  as  a  prac- 
tical mechanical  engineer.  The  subject  has  been  treated  in  the 
volume  before  us  with  clearness  and  sufficient  fullness  for  all  practical 
purposes.  It  is  written  on  what  might  be  called  a  low  plane,  well 
fitted  for  the  understanding  of  persons  of  moderate  education.  The 
absence  of  technical  terms  is  very  refreshing  when  we  find  the  lan- 
guage so  clear  anil  not  encumbered  by  many  useless  words.  A 
translation  of  the  German  work  "Katechismus  der  Einrichtung  und 
des  Betriebs  der  Locomotiv,"  by  Georg  Kisak,  would  have  proved 
very  useful  if  the  translator  should  adapt  its  matter  to  the  American 
form  of  locomotive.  Mr.  Forney  has  given  the  equivalent  of  this 
in  the  present  volume,  having  used  what  seemed  best  for  his  purpose 
of  the  above-mentioned  work,  and  added  much  that  is  original. 
Through  all  the  pages  we  recognize  the  mode  of  thought  of  one  who 
has  been  himself  a  student,  not  only  of  books,  but  of  working 
machinery.  To  the  steam  engineer  of  modern  days,  the  "  Steam 
Indicator  "  is  what  the  Stethoscope  is  to  the  physician.  With  it  he 
diagnoses  the  breathing  organs  of  his  patient.  Familiar  as  this 
instrument  is  to  the  marine  engineer  and  the  builder  of  stationary 
engines,  its  use  on  locomotives  running  maybe  at  forty  to  fifty  miles 
an  hour  is  not  so  easy  an  affair.  The  description  in  Mr.  Forney's 
book  of  the  process  of  using  the  indicator  on  locomotives  is  very 
clear,  and  the  portion  of  the  book  devoted  to  this  subject  is  in  the 
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^  highest  degree  commendable.  On  page  50  is  a  very  satisfactory 
illustration  of  steam  expansion,  presented  in  a  mechanical  manner, 
in  which  the  card  upon  -which  the  diagram  is  drawn  is  represented  as 
a  plane  moving  in  front  of  the  indicator  pencil  ;  yet  in  the  illustra- 
tion of  the  indicator  shown  in  position  on  an  engine  on  page  234, 
the  Richards'  indicator  with  the  paper  on  the  drum  of  this  instrument 
is  given  as  the  proper  method  of  using  this  instrument.  This  will 
work  well  at  slow  speeds,  yet  we  are  inclined  to  the  belief  that  the 
flat  card,  as  shown  on  page  47,  would  prove  more  serviceable  at  high 
speeds.  We  have  seen  cards  taken  in  this  way  from  engines  making 
900  revolutions  per  minute. 

We  would  call  attention  to  the  novel  and  ingenious  illustration  of 
unequal  strains  on  iron  plates,  as  shown  by  a  hole  punched  in  a  rubber 
band,  p.  93.  This  round  hole  in  the  band  represents  a  rivet  hole ;  if 
now  across  the  band  two  parallel  lines  be  drawn  as  if  directly  across  the 
centre  of  the  hole,  when  the  band  is  stretched  these  lines  will  not 
remain  parallel  but  will  separate  widest  next  to  the  hole,  indicating 
where  the  fibers  of  the  rubber  are  stretched  the  most.  The  author 
in  this  manner  shows  what  may  be  the  case  when  plates  of  iron  are 
similarly  stretched,  a  fracture  being  liable  to  start  next  the  hole, 
"after  which  the  plate  will  be  broken,  as  it  were,  in  detail."  An 
interesting  description  of  the  strains  in  the  bent  tube  of  the  Bourdon 
steam  gauge  has  attracted  our  attention.  The  portion  of  the  book 
devoted  to  the  subject  of  springs  as  used  on  locomotives,  and  the  theory 
of  equalization  of  load  in  the  springs,  seems  from  a  foot  note  to  have 
been,  mainly,  taken  from  *'  Die  Schule  des  Locomotivf  lihrers," 
by  Messrs.  J.  Brosuosc  and  R.  Koch,  while  the  frame  work  and  its 
arrangement  is  entirely  new,  and  very  clear. 

In  Part  XVI.,  which  treats  of  screw  threads,  bolts  and  nuts,  he 
advocates  the  standard  as  adopted  by  the  Franklin  Institute,  fully 
illustrating  its  general  principles,  and  at  the  same  time  pointing  out 
the  need  of  intelligent  forethought  on  the  part  of  the  workmen  who 
have  the  care  of  these  tools.  He  says  that  in  many  shops  the  men 
who  make  the  taps  have  only  a  vague  idea  that  so  long  as  they  get 
the  proper  number  of  threads  to  the  inch  they  are  doing  all  that  is 
necessary  to  secure  uniformity.  He  urges  care  on  tiieir  part  to  secure 
the  great  advantage  that  should  result  from  uniformity  of  standard 
screws  and  threads.  It  is  impossible  for  us  to  allude  in  detail  to  all 
the  subjects  treated  in  this  book,  but  we  commend  it  not  only  to  practi- 
cal mechanics  but  to  the  general  reader.  We  cannot  help  regretting 
that  the  mechanical  execution  of  the  book  is  not  of  a  higher  order. 
It  is  illustrated  by  250  engravings  and  twenty  full-page  plates  of 
various  styles  of  locomotives.  Many  of  the  cuts  are  white  lines  on  a 
black  ground.  These  heavy  masses  of  black  are  always  difficult  to 
print,  but  the  greater  part  of  those  in  this  volume  bear  unmistakable 
indications  of  inexcusable   carelessness  on  the  part  of  the  printer. 
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The  black  cuts  look  as  if  a  very  old  dry  inking  roller  had  been  used. 
The  type  is  good,  and  all  the  pages  have  been  well  "  made  ready," 
showing  care  in  this  direction.  The  paper  is  good,  and  extra  calen- 
dered, and  has  been  printed  dry,  but  the  ink  has  bad  drying  proper- 
ties and  "  sets  off"  on  the  opposite  pages,  as  well  as  smudges  when 
touched  with  the  finger.  The  matter  is  indeed  worthy  of  much  finer 
work  in  printing.  Any  one  familiar  with  the  illustrated  books  pub- 
lished in  France,  must  have  noticed  the  perfection  of  the  color  shown 
in  the  masses  of  black  in  the  cuts  of  the  character  used  in  this  book. 
Some  experiments  which  we  have  seen  conducted  in  the  printing 
houses  of  this  city  seem  to  indicate  that  when  broad  masses  of  black 
with  light  lines  are  required,  they  should  be  printed  on  damp 
paper,  with  good  new  inking  rollers  and  a  fine  quality  of  ink; 
Familiar  as  we  have  been  with  the  subject  matter  of  the  Cate- 
chism as  it  appeared  week  after  week  in  the  Grazette,  yet  the  collec- 
tion as  now  presented  reads  almost  as  a  new  composition,  and  is 
indeed  a  valuable  contribution  to  the  literature  of  the  workshop.     S. 


Hall  of  the  Institute,  Feb.  17th,  1875. 

The  stated  monthly  meeting  was  called  to  order  at  8  o'clock  P.M., 
the  President,  R.  E.  Rogers,  in  the  chair. 

The  minutes  of  the  stated  meeting  of  January  were  read  and  ap- 
proved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers  and 
of  the  several  Standing  Committees,  and  reported  the  following  from 
the  proceedings  of  the  Board  at  their  meeting  held  February  10th, 
1875. 

To  the  Board  of  Managers  of  the  Franklin  Institute  : 

Gentlemen  :  At  a  meeting  of  the  Committee  on  Sciences  and  the 
Arts,  held  January  18th,  1875,  it  was 

Resolved,  That  the  award  of  the  Elliott  Cresson  Gold  Medal  to 
Joseph  Zentmayer,  for  many  and  great  improvements  in  the  con- 
struction of  microscopes,  object  glasses  and  accessories,  be  recom- 
mended to  the  Board  of  Managers  of  the  Institute. 

Respectfully,  Jno.  C.  Cresson,  Chairman. 
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On  motion,  it  was 

Resolved,  That  the  Elliott  Cresson  Gold  Medal  be  awarded  to 
Joseph  Zentmayer,  in  accordance  with  the  recommendation  of  the 
Committee  on  Science  and  the  Arts. 

The  Actuary  also  reported  the  following  donations  to  the  Library, 
received  from  Jan.  23d  to  Feb.  10th,  1875 : 

Annales  des  Fonts  et  Chaussees,  for  October  and  November,  1874. 
From  the  Editor. 

Monthly  Notices  of  the  Royal  Astronomical  Society,  Vol.  35,  No. 
2,  December,  1874.     From  the  Society. 

Informe  al  Supremo  Gubierno  del  Peru  sobre  una  Expedicion  al 
Interior  de  la  Republica,  por  John  W.  Nystrom.     From  the  Author. 

"Verhandlungen  des  Naturhistorisch-Medicinischen  Vereins  zu  Hei- 
delberg, 1874.     From  the  Society. 

Jahrbuch  der  K.  K.  Geologischen  Reichsanstalt,  for  July,  August, 
September,  1874,  "Vol.  24.     From  the  Society. 

Bulletin  de  la  Soci^td  d'Encouragement  pour  I'lndustrie  Nationale, 
for  December,  1874.     Paris.     From  the  Society. 

Chief  Engineer's  Monthly  Report  of  the  Manchester  Steam-Users' 
Association  for  the  Prevention  of  Steam  Boiler  Explosions,  for  No- 
vember, 1874.     Manchester.     From  the  Association. 

Mr.  Bullock,  from  the  Library  Committee,  reported  that  the 
Board  of  Managers  has  made  an  appropriation  of  ^5000  for  the  pur- 
chase of  books  for  the  Library.  A  considerable  number  of  books 
have  already  been  purchased,  and  others  ordered,  and  the  entire 
amount  will  be  expended  as  rapidly  as  the  proper  selections  can  be 
made. 

At  the  request  of  the  Secretary,  Mr.  Zentmayer  then  gave  an  in- 
teresting account  of  the  progress  of  the  improvements  in  microscopic 
lenses,  and  of  the  difficulties  to  be  overcome  in  those  for  the  solar  or 
gas  microscope,  to  obtain  a  perfectly  flat  field  on  the  screen,  and 
illustrated  his  late  improvements  by  using  alternately  lenses  of  his 
own  make  and  those  of  the  best  French  makers,  to  throw  images  on 
the  screen  with  the  oxy-hydrogen  light. 

The  Secretary  then  described,  with  the  aid  of  the  lantern,  an  im- 
proved life  raft  and  rails  for  ships,  the  invention  of  Mr.  R.  W. 
Newbury,  New  York.  This  invention  consists  of  two  hollow  cylin- 
ders of  sheet  metal,  about  8  inches  in  diameter  and  10  or  12  feet 
long,  having  conical  ends,  held  in  a  position  parallel  to  each  other, 
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and  three  or  four  feet  apart,  by  four  bars  of  metal  or  wood.  Across 
the  whole  is  stretched  woven  wire  or  netting. 

The  raft  is  supported  on  edge  at  the  side  of  the  ship's  deck  by  iron 
stanchions,  and  fastened  in  such  a  manner  that  it  is  easily  detached 
when  required,  thus  forming  a  necessary  portion  of  the  ship  under 
ordinary  circumstances,  and  a  means  of  saving  life  in  case  of  disaster. 

Also  an  improved  knife  for  druggists'  use  in  cutting  dried  herbs, 
and  also  for  cutting  tobacco,  the  invention  of  Jno.  G.  Baker,  the 
peculiarity  of  which  consists  in  so  connecting  the  blade  to  the  lever, 
that  in  descending  the  blade  is  held  parallel  with  the  base  of  the  in- 
strument, and  at  the  same  time  has  a  horizontal  motion,  thus  giving 
it  a  sliding  motion  through  the  substances  to  be  cut. 

Under  the  head  of  new  business  Mr.  C.  Chabot  offered  the  fol- 
lowing : 

"  Resolved,  That  a  committee  be  appointed  to  review,  and,  if  neces- 
sary, revise,  the  By-Laws  and  Rules,  and  report  to  the  Institute  as 
early  as  practicable ;  the  committee  to  consist  of  nine  members,  not 
more  than  four  being  chosen  from  the  Board  of  Managers.  The 
President  will  be  aided  in  his  choice  by  nominations." 

Mr.  Close  remarked  that  he  could  see  no  reason  for  dictating 
regarding  the  number  of  Managers  to  be  placed  on  such  a  Committee ; 
that  the  Managers  did  not  claim  to  know  more  of  such  matters  than 
other  members  of  the  Institute,  nor  should  they  be  debarred  the 
privileges  nor  exempt  from  the  duties  of  other  members  by  reason  of 
their  being  on  the  Board.  He  moved  that  the  portions  of  the  resolu- 
tion relating  to  the  Managers  be  struck  out,  which  was  accepted  by 
the  mover. 

Mr.  Wm.  P.  Tatham  asked  the  mover  to  state  some  reason  why 
such  a  committee  should  be  raised,  stating  that  he  knew  of  no  rea- 
sons for  or  against. 

Mr.  Chabot  replied  that  it  was  generally  believed  that  some 
changes  in  the  By-Laws  were  desirable,  and  as  the  last  edition 
printed  is  exhausted  it  would  be  better  to  make  such  amendments  as 
are  wanted  before  printing  a  new  edition. 

Mr.  Close  remarked  that  the  mode  of  amending  the  By-Laws  was 
clearly  laid  down,  and  if  any  changes  were  desirable  let  them  be 
stated  and  presented  to  just  such  a  meeting  as  this. 

Mr.  Sellers  said  that  the  effect  of  passing  this  resolution  would  be 
to  open  a  long  and  unpleasant  discussion,  and   he  hoped  he  might 
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not  be  placed  on  such  a  committee,  as  he  was  heartily  tired  of  tinker- 
ing with  By-Laws. 

On  putting  the  Resolution  it  was  lost. 

Mr.  Tatham  called  attention  to  the  fact  that  the  election  of  one  of 
the  Vice-Presidents,  Dr.  Rogers,  to  the  Presidency  left  a  vacancy  in 
that  office,  and  moved  that  the  Institute  go  into  an  election  for  a 
Vice-President  to  fill  this  vacancy,  which  was  adopted. 

Mr.  Bloomfield  H.  Moore  was  the  only  one  placed  in  nomination. 

The  Chair  appointed  Mr.  Chas.  Bullock  and  Chas.  S.  Close  as 
tellers. 

All  the  votes  cast  were  for  Mr.  B.  H.  Moore,  who  was  declared 
elected. 

The  President  then  announced  the  standing  committees  of  the 
Institute  for  the  current  year  as  follows  : 

On  Library. — Chas.  Bullock,  Saml.  Sartain,  Wm.  P.  Tatham,  Jos. 
M.  Wilson,  Geo.  F.  Barker,  Coleman  Sellers,  J.  B.  Knight,  B.  H. 
Moore,  J.  W.  Nystrom,  Isaac  Norris,  Jr. 

On  Minerals.— F.  A.  Smith,  Theo.  D.  Rand,  Saml.  B.  Howell, 
Clarence  Bement,  Wm.  H.  Wahl,  E.  J.  Houston,  John  C.  Trautwine, 
Robt.  Grimshaw,  Edward  F.  Moody,  Jos.  M.  Wilson. 

On  Meteorology. — Pliny  E.  Chase,  Hector  Orr,  Isaac  Norris,  Jr., 
John  Wise,  J.  E.  Mitchell,  Thos.  S.  Speakman,  Jas.  A.  Kirkpatrick, 
David  Brooks,  A.  Purves,  Wm.  H.  Wahl. 

On  Models. — Wm.  B.  Bement,  Edward  Brown,  Theo.  Bergner, 
John  Goehring,  L.  L.  Clieney,  Edwin  Smith,  C.  Chabot,  J.  B.  Knight, 
S.  Lloyd  Wiegand,  D.  S.  Holman. 

On  Arts  and  Manufactures. — A.  B.  Barry,  Geo.  V.  Cresson, 
Hector  Orr,  Coleman  Sellers,  Jr.,  W.  B.  LeVan,  S.  M.  Ward,  M.D., 
n.  W.  Bartol,  J.  Sellers  Bancroft,  Alfred  Mellor,  Cyrus  Chambers,  Jr. 

On  Meetings. — J.  B.  Knight,  B.  H.  Moore,  Saml.  Sartain,  Wash- 
ington Jones,  Geo.  F.  Barker,  Henry  Cartwright,  Chas.  S.  Close, 
Wm.  P.  Tatham,  J.  Sellers  Bancroft. 

The  President  announced  that  hereafter  the  rule  requiring  the 
janitor  to  take  the  names  of  members  on  entering  the  meetings, 
would  be  enforced. 

The  Secretary  stated  that  as  yet  but  few  of  the  copies  of  the  exer- 
cises to  commemorate  the  50th  anniversary  of  the  foundation  of  the 
Institute,  held  in  February,  1874,  had  been  taken,  and  recommended 
members  to  buy  them. 


176  Editorial. 

Mr.  Weaver  asked  what  is  to  become  of  the  amendments  to  the 
by-laws  proposed  by  Mr.  LeVan  at  the  last  stated  meeting. 

The  President  stated  that  they  not  having  been  advertised  as  re- 
quired by  Article  16,  they  could  not  be  acted  on  to-night. 

Mr.  Eldridge  did  not  agree  with  the  chair,  because  were  that  the 
case  it  would  be  possible  for  the  officer  whose  duty  it  is  to  advertise 
them,  to  defeat  action  during  the  entire  term  of  his  office,  on  any 
amendment  to  which  he  was  opposed,  simply  by  neglecting  or  refusing 
to  advertise  it. 

The  Secretary  stated  that  he  had  been  requested  by  the  mover  of 
the  amendments  not  to  advertise  them,  as  he  (Mr.  LeVan)  had  deter- 
mined to  withdraw  them  at  this  meeting,  and  that  he  was  quite  cer- 
tain the  seconder  would  consent  to  the  withdrawal ;  that  he  (the 
Secretary)  had  taken  counsel  with  several  members,  and  becoming 
satisfied  that  he  was  justified  in  the  omission,  did  not  advertise  them. 

The  chair  decided  that  the  rule  requiring  the  advertisement  of  the 
proposed  amendments  not  having  been  complied  with,  they  will  be 
considered  to-night  and  acted  on  at  the  next  stated  meeting. 

In  reply  to  a  question  whether  or  not  he  intended  to  withdraw  the 
proposed  amendments,  Mr.  LeVan  stated  that  he  had  intended  doing 
so,  but  the  seconder  objected,  and  now  he  intended  pressing  them. 

In  reply  to  a  question  of  Mr.  Tatham,  he  further  stated  that  his 
reason  for  urging  the  first  amendment  was  that  many  members  are 
engaged  at  their  usual  occupation  until  6  P.  M.,  and  cannot  get  to 
the  Institute  before  8  o'clock,  and  his  reason  for  desiring  the  second 
amendment  Avas  that  he  thought  it  would  be  better  to  have  more  fresh 
members  in  the  Board  of  Managers,  and  he  therefore  renewed  his 
proposed  amendments. 

Mr.  Close  moved  that  the  matter  be  postponed  until  after  some 
copies  of  the  by-laws  are  printed,  so  that  members  can  act  more 
intelligently. 

Mr.  Tatham  said  that  if  they  can  be  postponed  at  all,  they  can  be 
postponed  indefinitely,  and  moved  that  they  be  indefinitely  postponed. 

The  chair  decided  that  as  the  by-laws  required  that  proposed 
amendments  be  acted  on  at  the  next  stated  meeting  after  they  are 
ofiered,  a  motion  to  postpone  beyond  that  time  is  not  in  order. 

On  motion,  the  meeting  then  adjourned. 

J.  B.  Knight,  Secretary. 
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SPIRAL  WHEELS.* 


By  Professor  L.  G.  Franck,  of  the  University  of  Pennsylvania. 


The  recent  exhibition  of  the  Franklin  Institute  in  Philadelphia  pre- 
sented, among  other  interesting  contrivances  for  transmission  of  mo- 
tion, a  number  of  spiral  wheels  of  various  constructions.  The 
peculiarities  of  the  properties  of  some  of  these  wheels  induced  me  to 
attempt  to  comprehend  all  varieties  under  one  head ;  in  other  words, 
to  derive  some  formuloe  that  express  their  axial  position,  as  well  as 
the  tangential  direction  of  two  spirals  in  contact,  and  also  the 
velocity  of  the  sliding  motion  of  teeth. 


(1).  Let  A  and  B  be  two  thin  rectangular  plates  of  flexible  mate- 
rial— which  I  shall  call  for  brevity's  sake,  planes — upon  which  right 
parallel  lines  are  drawn  equally  distant  from  each  other  (Figs.  1,  2), 
B  q  =jA  t,  whose  angles  at  L  A  C  and  N  B  D  may  be  equal  or  unequal 
to  each  other.     Let  the  angle  N  B  D  =  ,9  and  L  A  C  =  a.    If  these 


*  Reauleaux'  work  was  consulted  in  tlie  preparation  of  this  article. 
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planes  are  regarded  as  the  developments  of  circular  cylinders,  we 
may,  after  we  have  placed  B  upon  A  so  that  M  N  and  K  L  coincide, 
curve  them  back  to  their  original  cylindrical  shape,  leaving  the  ele- 
ment at  A  and  B  in  contact.  The  right  lines  on  the  planes  will  then 
become  screw  lines  or  spirals,  as  they  are  sometimes  termed.  The 
planes  G  E  and  H  F  will  form  a  certain  angle,  depending  on  the  ob- 
liquity of  the  lines  K  L  and  M  N  (Figs.  1  and  2),  to  be  denoted  by  7-, 
and  which  is  for  geometrical  reasons  equal  to  the  angle  DSC 
(Fig.  3),  formed   by   two   planes   perpendicular   to   the   plane  of  the 


paper.  The  line  of  couiact  will  t'uriu  the  taiigt-iit  to  the  spiral  at  A 
and  B  respectively.  The  angles  that  the  lines  SC  and  S  D  make 
with  the  tangent  retain  their  relative  value,  as  regards  the  hori- 
zontal projection,  and  are  therefore  equal  to  a  and  ,3  respectively 
(Fig.  3).  Considering  these  cylinders  as  the  pitch  cylinders  and  the 
lines  upon  them  as  pitch  lines,  we  are  enabled  to  derive  equations  of 
condition  that  belong  to  spiral  wheels  of  all  varieties.  From  Fig. 
3  it  is  evident  that 

^  +  -^+«  =  180°  (1) 

Further,  as   we   have   assumed   the  distances  between  the  parallel 
lines  on  both  planes  to  be  equal  (Fig.  1  and  2),  we  have 
A  t  :=  A  s.  sin  a,  and  B  q  ^  B  s.  sin  ^. 

Hence,^  As.  sin  «  =  Bs.  sin  /9;  but  as  A  s  and  Bs  will  form  the 
pitch  on  the  cylinders  (Fig.  3),  we  find,  introducing  the  known  form- 
ula for  the  pitch,  the  subsequent  expression : 


2ra 

rrsT 


sin  a  = 


2^ 


sin  ;9 ; 
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where  a  and  b  denote  the  radii  of  the  wheels  A  and  B,  and  N,  and 
N*  their  respective  number  of  teeth. 

From  the  above  equation  we  get  the  ratio : 

N.       a  sin  a 

'  Nb^Tsin"^ 

but  as  a  sin  «  =  R  Q,  and  b  sin  |5=  T  U  ;  we  find  also  (Fig.  8), 

N,_  RQ 
K       T  U- 


(2) 


(3) 


It  appears  from  these  expressions  that  the  numbers  of  teeth  of  two 
spiral  wheels  in  contact  are  not  in  direct  proportion  to  the  radii ;  but 
are  as  the  perpendiculars  to  the  tangent,  that  is  as  R  Q  is  to  T  U.  If, 
further,  the  velocities  of  a  point  on  the  cylinders  A  and'B  are^V,  and 
Vb,  we  obtain  the  velocity  of  sliding  motion  of  a  point  along^two 
teeth,  when  we  resolve  these  velocities  into  components  in  the  direc- 
tion of  the  tangent  and  perpendicular  to  it. 


Let  iS  F  and  S  H  (Fig.  4),  be  equal  to  V.  and  V^  the  respective  ve- 
locities ;  S  R,  S  G  and  S  Q  and  Q  H  the  components.  The  velocity 
of  sliding  motion  is  then  U  =  S  R  +  S  Q  ;   hence 

U  =  C  cotg  a-rC  cotg  ,?  =  C  (cotg  a-f-cotg,.9).  (4) 

In  accordance  with  the  doctrine  of  maximum  and  minimum,  U  be- 
comes a  minimum  wiien  a  is  put  equal  to  /i. 

It  appears,  then,  in  order  to  get  a  minimum  velocity  of  sliding  mo- 
tion, we  must  put  a  =,?.     As   velocity   is  ono  of  the  factors  in  the 
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formula  of  mechanical  effect  of  friction  that  increases  friction,  it  is 
obvious  that  to  diminish  friction  we  must  decrease  the  velocity  of 
sliding  friction. 

(2).  The  following  examples  will  explain  the  use  of  the  derived 
formulae  : 

Example  1.  Required  the  respective  radii,  a  and  b,  of  two  spiral 
wheels  ;  also  the  pitch  of  each,  and  the  sliding  velocity  at  the  flanks 
of  two  teeth  in  contact. 

Given,  the  number  of  teeth  N^=40,  andNb=20;  the  normal 
axial  distance  a+b  =  10  inches ;  the  axial  angle  ^'  =  40°,  and  one  of 
the  tangential  angles,  /9  =  60°. 

To  find  the  other  tangential  angle,  we  have  (formula  1) 

a  =  180— (40+60)  =  80°. 

To  find  the  radii,  b  and  a,  we  have,  a+b^  10,  and,  from  formula 
2,  we  have, 

b        N"  sin  a         1       sin  80°      ^  raoo 
a        N.  sin  /9        2       sin  60° 

Hence,  a  =  ———=  6-375  in.,  and  b  =  10  —  6-375= 3-625  in. 
1-5686 

To  find  the  pitch,  p.,  of  wheel  A. 
This,  for  the  normal  division,  is 

..            .     .       2  77  b  sin /9       2  ;r  3-625x0-866. 
N  =  p,sm^=_^^=  ^0 

2 ;r  3-625       iiqq-     u  a  2-6-375       ..^^.    .     , 

P^=: =  1-138  inches,  and  Pa  = ^ =  1  UUl    inches. 

"20  '  ^  40 

To  find  the  velocity  of  sliding  motion  : 

U  =  C(cotg  60°+cotg  80°)  =  0-7537  C. 

Example  2.  If  the  given  values  of  Example  1  remain,  with  the 
exception  that  we  make  «  =  /^,  in  order  to  get  a  minimum  sliding 
motion,  what  will  be  the  above  required  quantities  ? 

To  find  the  tangential  angles  :  2  «  =  180  —  40.  Hence,  a  =  /9 
=  70°. 

To  find>the  radii,  a  and  b  : 

b        Nb       20        1        ,      ,  ,        .^ 

. =  __?  =  —  =:  __   and  a4-b  =  10. 

a        N.       40        2 

TT  ,        10  .     ,  20  .     , 

Hence,  b  =  —  inches  ;    a  =  —  inches. 
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The  pitch  will  be  Pa  ^  Pb  =  1"047  inches,  and  the  sliding  velocity, 
U  =  2cotg  70  C  =  0-728  C. 

From  this  we  see  that  the  wheels  of  Example  2  will  mechanically 
be  more  perfect  than  the  first  set  on  account  of  the  less  sliding 
velocity.  The  calculation  is  also  less  complex,  as  a  =  2b,  and  the 
pitch  is  the  same  for  each. 

Example  3.  Let  all  quantities  remain  that  are  given  in  Ex- 
ample 1,  except  make  the  tangential  angle  a  =  90°.  Required  the 
radii,  pitch,  and  sliding  velocity. 

To  find  the  tangential  angle,  /5  =  180  —  (90  +  40)  =  50°. 

To  find  the  radii,  we  have 

b         1       sin  90        ^  ^.  ..        ,  ,  ^ ., 

— =  -. =  0-Do2o,  and  b-  a  =  10, 

a         2      sin  50 

Hence,  a  =  6-051,  and  b  =  3  949  inches. 
To  find  the  pitch  of  both  wheels  : 

T)  .  1     r  A  normal  division      y.  c  ^^  xu  i_ 

ritch  of  A  =  p.  = — — It   follows,  then,   that  p.  = 

sin  90° 

normal  division,  which  indicates  that  wheel  A  becomes  an  ordinary 
spur  wheel,  (Fig.  5.) 


'2  -  -A.  •-'  -  h  1  ••^3M 

p.  ==J1^:=0.95;  p.=_-— ^    =i-^* 
^  N.  ^         ^.slnoO       sin  50^ 


=  1-017  inches. 


To  find  the  velocity  of  sliding  motion  : 

U  =  C(cotg  50-f-cotg  90)  =  0-8391  C,  a  quantity  which  is  greater 
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than  the  one  found  in  Example  2,  indicating  a  less  perfect  mechanical 

contrivance   compared  with   that  in  Example   2,     This  contrivance, 

however,  has  the  advantage  that  one  of  the  wheels  becomes  a  spur 

wheel. 

f?  Example  4.     Given  N.  ^  N^ ;  a  =  /3,  and  the  axial  angle  ;-.=  90°. 

Required|the  radii,  pitch,  and  sliding  velocity. 

To  find  the  tangential  angles,  2  «  =  180  —  90.     Hence,  a  =  ^  = 

sin  45 


To  find  the  radii :     — =- 


From   this  it  follows  p,  =  p^ 


b        sin  45 
a-[-b  =  10.     Hence,  a  =  5,  and  h  =  5  inches. 

To  find  the^sliding  motion  :  U  =  C(cotg  45  +  cotg  45)  —  2  0. 

It  appears  then  that,  under  the  above  assumptions,  both  wheels  be- 
come equal  to  each  other  in  size,  and  that  both  become  either  right 
or  left  handed  spirals,  (Fig.  6.) 


Another  remarkable  case  is,  that  if  B  is  made  a  driver  working  the 
two  followers,  A  an  I  C,  arranged  as  Fig.  7  exhibits,  both  followers 
will  move  in  contrary  directions,  indicated  by  the  arrows.  Fig.  7. 
That  is  similar  to  a  set  of  bevel  wheels,  and  different  from  that  of  spur 
wheels,  provided  the  above  three  wheels  have  all  right  or  left  handed 
spiral  teeth. 

Example  5.  If  we  make  the  axial  angle  y  =  0,  then  both  axes  of 
the  wheels  become  parallel.  Given  a  =  /9,  N.  =  Nb  =  40,  and  a-f  b 
=  10.     Required  the  radii,  pitch,  and  sliding  motion. 


Franck — On  Spiral  Wheels. 


183 


FIG   8. 
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It  i3  in  general,  «i^?  =  180.  Hence 
a=  180— ;9. 

This  points  out,  as  the  sum  of  both  angles 
is  equal  to  180°,  that  both  wheels  become 
spur  wheels  with  spiral  threads,  of  which 
one  must  have  a  left  handed  spiral,  while 
the  other  must  have  a  right  handed  one, 
(Fig.  8.) 

From  the  above  assumption  we  further 
get  a  =  /9  =  90°,  which  makes  both  wheels 
of  equal  size  ;   a  =  b  =  5  inches. 


0  - 


pu 


40 


0-7852  =  pitch. 


U  =  (cotg  90°4-cotg  90°)C  =  0. 

From  tiie  fact  that  in  formula  (1)  any  two  of  the  three  angles  may 
be  assumed,  it  is  obvious  that  a  great  variety  of  wheels  that  work 
together  can  be  constructed.  The  last  assumption  gives  two  spur 
wheels  with  straight  teeth,  and,  therefore,  the  lateral  sliding  motion 
equals  zero. 

f3).  Another  contrivance  that  deserves  to  be  taken  notice  of,  is  the 
wheel  and  worm  or  endless  screw.  The  woim  consists  of  a  cylinder, 
and  thread  continuously  wound  around  it.  The  tangent  drawn  to 
the  thread  gives  the  obli({uity  of  the  teeth  of  the  wheel. 


Let  F  G  (Fig.  9j  be  the  developed  pitch  cylind  r  of  the  worm,  and  D  E 
that  of   the  wheel.     If  we  denote  by  p,  =  A  C,  the  pitch  of  the 
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worm,  which  is  here   a   portion  of  an  element  of  the   cylinder,  and 
therefore  a  straight  line,  we  find  for  the  angle  of  inclination  : 

TangABC=^=^._^^=tang/9. 
Hence  the  pitch  of  screw  and  wheel : 


:z;r  a 


Pb  =  2  >T  b  tang  /9  =  p,  =  -^ 

provided  the  axial  angle  y  =  90°. 

N        n 
We  have  also  —!  =  _",  where  n^  and  n,  are  the  revolutions  of  the 

worm  and  wheel  respectively.     Commonly  but  one  tooth  is  taken  for 

the  worm  ;  therefore  Nb=l,  which  gives   N^— —        Further    a+ 

^+90  =  180,  and  a-j-b  =  m,  which  expressions  enable  us  to  get 
other  required  quantities.  An  ordinary  spur  wheel  m;ty  be  driven  by 
a  worm,  a  statement  that  has  already  been  made  in  connection  with 
Fig.  5,  if  the  axis  of  the  worm  is  turned  just  about  the  angle  y9  (Fig. 
10)  from   its   former  position  (Fig.  9).     It   is,  however,  required  to 


make  now  the  pitch  of  the  wlieel,  as  A  C  stiunU  oblique   to   the   face 

Pa  ' 

of   the    wheel,     — %;- ,    where   Pa   denotes   the  former  pitch   of  the 
'     cos  /9  ^  ^ 

wheel. 

(4).  The  friction  between  worm  and  wheel  is  considerable.     It  ia 

therefore  of  importance  to  know  what  ratio  with  regard  to  the  radius 

of  the  worm  and  to  its  pitch  should  be  employed  in  order  to  diminish 

friction. 
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Applying  the  well  known  formula  derived  in  mechanics, 

2-b 


185. 


1-f-f.: 
P,  Pb 


,  where  P  denotes  the  force 


tangent  at  the  circumference  of  the  pitch  circle  of  the  worm  to  over- 
come the  resistance  and  friction,  while  P  is  the  force  required  to- 
overcome  the  resistance  only ;  we  find,  introducing  for  the  coefiicient 
of  friction,  f  =  0*16,  the  subsequent  formula  of  approximation: 


Pi 
P 


•[  _|-  _,  where  b  denotes  the  radius  of 

Pb 


the  worm,  and  pt  the  pitch.     It  is  evident,  in   order   to  gain  useful 

b 
effect,  that  we  must  give  —  its  least  value.     Morin  recommends  b  = 

3pb;  Redtenbacher,  b  =  l'6pb,  and  Reauleaux  gives  as  a  rule  b  = 
Pb,  which,  as  we  will  see,  give  a  great  difference  in  the  final  result. 
If  we  substitute  the  above  values,  we  find : 

P,  =  4P  ;  P,  =  2-6P,  and  P,  =  2P. 

Reauleaux'  rule  gives,  under  ordinary  circumstances,  a  very  smali" 
cylinder.  If,  however,  we  apply  his  formula,  we  shall  still  have  a 
loss  of  50  per  cent,  of  useful  effect. 

(5).  Some  other  varieties  are  well  worth  remarking.  If  we  make 
in  the  fundamental  formula  a-|-b=  m  ;  a  =  b  =  oo,  we  obtain  two 
racks,  one  of  which  may  be  made  the  driver  and  the  other  the  fol- 
lower.    Let  A  and  B  (Fig.  10)  be  two  racks  of  which  the  parallel  lines 


of  both  have  equal   noruial   (list;inces.      V\'c  havo  ihc  algebraic  sum  ot 
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•a,    Y    and    ^9=180°,    and    the    velocity    for    sliding   motion:  U  = 
{cotg  a+cotg  /9)C. 

Example.  Given  the  axial  angle  y  =  90,  and  a  =/3  ;  further,  a  = 
b  =  00  .     To  find  the  velocity  of  each  rack  (Fig.  11). 

It  is  Y  4-/9+a  =  180°.   Therefore,  90  +  2  a  ==  180.     Hence  a  =i3 
=  45°. 

From  Fig.  4  we  have,  C  =  V»  sin  a,  and 
C  =  V,  sin  ,3. 

V, sin   ,9 sin  45° 

Whence 


Yb       sin   a 
Hence,  V,  =  Vh. 


sin  45° 


I. 


The  relative,  velocity  of  sliding  motio.i  is 

U  =  C(cotg  «+cotg  /9)  =  C(cotg  45°  +  cotg  45°)  =  2  C. 

(6).  If  a  rack  is  worked  (Fig.  12)  by  a  screw- 
wheel  we  have,  when  the  tangential  angle  of 
the  teeth  of  the  rack  is  a,  and  the  axial  angle 
equal  to  y,  the  tangential  angle  of  the  wheel 
fi  =  180  — (a+r)»  ^^ile  ^^^  velocity  of  sliding  mo- 
tion along  the  tooth  is  again  =  C(cotg  a-f 
cotg  ,9).  It  is  easily  to  be  seen  that  in  the  pre- 
ceding   cases  a  considerable  lateral   pressure   is 

produced.  ij^aihsqx.-  i-nT 

If  the  obliquity  of  the  teeth  of  the  rack,  upon 
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'which  the  value  of   the  latenil   pressure  depends,  is  arranged  so   that 


it] is  just  bahinced  by  the  sliding  friction  that  acts  in  the  opposite 
direction,  the  rack  (Fig.  13)  moves  in  its  ascribed  path,  mathe- 
matically speaking,  without  guides.  This  principle  was  ingeniously 
applied,  first  to  my  knowledge,  by  Messrs.  W.  Sellers  &  Co. 


AN  ACCOUNT  OF  SOME  EXPERIMENTS  MADE  AT  MULH0U8E,  BY  MONS. 

BURNAT,  ON  THE  EFFICIENCY  OF  SEVERAL  KINDS  OF  COATING 

IN  PREVENTING  THE  LOSS  OF  HEAT  BY  RADIATION 

FROM  THE  SURFACES  OF  STEAM-PIPES. 


By  Chief  Engineer  B.  F.  Isherwood,  U.  S.  Navy. 


During  the  session  of  "La  Soci^t^  Industrielle  de  Mulhouse," 
Elsass,  on  the  26th  of  January,  1859,  there  was  read  the  report  made 
by  Mons.  E.  Burnat  for  the  Commission  charged,  among  other  mat- 
ters, with  the  examination  of  the  plastic  composition  or  mortar 
proposed  as  a  coating  by  Mons.  Pimont  for  the  prevention  of  heat- 
radiation  from  the  surfaces  of  steam-pipes,  hot  water-pipes,  etc.  As 
very  few  experiments  appear  to  have  been  made  on  this  subject, 
though  one  of  the  highest  industrial  importance,  and  as  these  of 
Mons.  Burnat  have  never  been  published  in  English,  I  have  selected 
all  the  observed  data  given  in  the  above  named  report,  converted  it 
from  French  into  British  measures,  and,  arranging  it  in  my  own  way, 
have  made  the  calculations  and  drawn  the  conclusions  necessary  to 
render  the  results  of  use  to  the  practical  engineer.  I  wish  distinctly 
to  here  state  that  I  have  taken  nothing  from  the  report  except  the 
observed  data  ;  indeed,  it  contains  nothing  else  to  take. 

The  experimental  apparatus  was  as  follows  :  five  groups,  each  con- 
sisting of  four  cast  iron  pipes  of  4*724o  inches  external  diameter,  and 
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exposing  an  aggregate  surface  of  58-4717  square  feet  per  group, 
were  arranged  parallel  to  each  other  with  intervening  spaces  of  39f 
inches.  The  thickness  of  the  metal  of  the  pipe  was  0-25  inch.  The 
groups  were  inclined  0-05  in  I'OO,  and  the  highest  point  of  each  was 
connected  with  a  steam-pipe  supplied  from  the  same  boiler,  while  the 
lowest  point  was  connected  with  a  tank  properly  constructed  and 
arranged  for  the  reception  of  the  water  resulting  from  the  condensa- 
tion of  the  steam.  Four  of  the  groups  were  covered  with  the  differ- 
ent non-conducting  substances  proposed,  and  the  fifth  was  left  un- 
covered or  bare  to  furnish  the  base  of  comparison.  The  apparatus 
was  placed  in  a  large  unhealed  hall,  free  from  air  currents ;  and  the 
condensation  of  the  steam  within  the  pipes  was  wholly  due  to  the  differ- 
ence between  the  temperature  of  that  steam  and  the  temperature  of 
the  air  surrounding  them.  By  this  system,  the  trials  of  the  efficiency 
of  the  different  non-conducting  substances  were  made  simultaneously 
and  under  identical  .conditions,  the  same  steam-pressure  existing 
within  the  pipes  of  each  group,  and  the  same  air-temperature  sur- 
rounding them.  For  facility  of  reference,  the  groups  have  been 
numbered  from  1  to  5,  in  the  following  Tables,  Nos.  1  and  2  con- 
taining the  data  and  results  of  the  experiments. 

The  non-conducting  substances  with  which  the  pipes  of  each  group 
were  surrounded  were  as  follows  (Table  No.  2) : 

1st  Group.  The  pipes  of  this  group  were  first  covered  with  com- 
mon straw  to  the  thickness  of  six-tenths  of  an  inch,  laid  lengthwise  ;^ 
and  around  this  wisps  or  tresses  of  the  same  straw  were  wound  spi- 
rally and  close  together. 

2d.  Group.  The  pipes  of  this  group  were  left  bare,  and  exposed 
to  the  air  their  cast  iron  surfaces  in  the  state  in  which  they  left  the 
mould. 

Zd  Group.  The  pipes  of  this  group  were  enclosed  in  hollow  tiles 
or  pipes  of  pottery,  whose  inner  diameter  was  greater  than  the  outer 
diameter  of  the  steam-pipes,  whereby  an  annular  air-space  was  left 
between  the  pottery  and  iron  surfaces.  The  pottery-pipes  were  held 
in  place  by  iron  wire,  and  coated  with  a  mixture  of  loamy  earth  and 
chopped  straw,  which,  in  its  turn,  was  covered  with  tresses  of  com- 
mon straw. 

^th  Group.  The  pipes  of  this  group  were  covered  with  cotton 
waste  to  the  thickness  of  one  inch,  held  in  position  by  wrapping  cloth 
fastened  with  strings. 
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hth  Group.  The  pipes  of  this  group  were  coated  with  a  plaster 
composition  furnished  by  Mons.  Pimont,  consisting  essentially  of 
clay  kneaded  in  water  and  mixed  with  cows'  hair,  and  perhaps  other 
substances.  Its  application  to  the  surface  of  a  pipe  was  begun,  by 
the  help  of  netting,  with  a  coating  of  variable  thickness,  along  which 
laths  were  placed  nearly  touching,  and  held  in  position  by  twine. 
On  these  another  coating  of  the  plaster  was  spread,  and  then  laths 
again,  and  so  on,  until  an  aggregate  thickness  of  2"3622  inches  was 
built  up.  The  total  number  of  experiments  made  with  this  substance 
was  twelve,  in  nine  of  which  (5th  group)  the  plas'er  was  left  with  its 
natural  dark  brown  or  mud  color,  and  in  three  of  which  (5th  group 
bis)  its  surface  was  painted  white,  jwith  a  view  to  ascertain  whether 
its  non-conducting  efficiency  was  affected  by  color. 

Finally,  with  the  pipes  of  the  second  group,  two  trials  (2d  group 
bis)  were  made  of  the  non-conducting  efficiency  of  some  old  felt  which 
had  been  treated  with  caoutchouc  and  used  on  machines  for  printing 
textile  fabrics.     The  thickness  of  this  coating  is  not  given. 

Before  proceeding  to  experiment  with  the  non-conducting  sub- 
stances above  described,  eleven  trials  were  made  with  the  apparatus 
in  its  bare  state,  none  of  the  pipes  being  covered,  to  ascertain  whether 
€ach  group  under  identical  conditions  of  steam-temperature  and  air- 
temperature,  would  condense  the  same  weijrlit  of  steam  in  the  same 
time.  The  results  will  be  found  in  Table  No.  1,  under  the  numbers 
of  the  different  groups,  expressed  relatively.  The  greatest  discrep- 
ancy for  any  one  experiment  is  5*9  per  centum  ;  but  the  mean  of  the 
eleven  experiments  gives,  for  the  different  groups,  2-3  per  centum  as 
the  maximum  discrepancy.  Calling  the  weight  of  steam  condensed 
in  a  given  time  by  the  pipes  of  the  5th  group,  100"0;  then,  the 
weight  of  steam  condensed  in  the  same  time  by  the  pipes  of  the  4th 
group,  will  be  expressed  by  101*4 ;  by  the  pipes  of  the  3d  group, 
101-0  ;  by  the  pipes  of  the  2d  group,  1023;  and  by  those  of  the 
Ist  group,  101-0.  The  mean  results  have,  therefore,  a  possible  error 
of  2-3  per  centum. 

The  experiments  were  made  with  absolute  steam-pressures  varying 
from  1\  atmospheres,  ©r  16*523  pounds  per  square  inch  above  zero, 
to  two  atmospheres  or  29375  pounds  per  square  inch  above  zero. 
The  pressures  were  from  observation,  and  I  have  placed  opposite  to 
them  in  each  case  the  corresponding  temperature  according  to  Reg- 
nault.  The  air-temperatures  were  from  observation,  and  varied 
between  27  and  47  degrees  Fahrenheit. 
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The  objections  to  the  experiments  are  their  fewness,  their  short- 
ness, and  the  narrow  limits  of  temperature  within  which  they  were 
made.  The  substances  tried  were  also  too  few,  and,  in  some  cases, 
their  thickness  was  not  ascertained.  The  results,  exceedingly  valua- 
ble notwithstanding,  will  be  found,  together  with  the  data,  in  the 
Tables  herewith  given,  numbered  respectively  1,  2,  and  3. 

The  condensation  of  the  steam  in  the  steam-pipes  is  due  wholly  to 
the  difference  between  the  temperature  of  that  steam  and  the  temper- 
ature of  the  air  surrounding  the  pipes  ;  and  though  the  discrepancies 
are  numerous  and  the  range  of  temperature  restricted,  yet  the  gen- 
eral result  of  all  the  experiments  shows  the  condensation  to  be  in 
the  direct  ratio  of  the  difference  of  the  above  mentioned  tempera- 
tures ;  that  is  to  say,  with  a  difference  of  one  hundred  degrees  the 
condensation  is  twice  as  great  as  with  a  difference  of  fifty  degrees. 
We  can,  therefore,  depend  upon  the  mean  condensation  as  belonging 
to  the  mean  difference  of  temperature,  and  establish  constants  from 
them  for  the  several  cases. 

Taking  first,  the  bare  or  uncovered  steam-pipes,  we  find  that  for 
them  the  mean  of  the  results  in  Table  No.  1,  and  in  the  column 
headed  "2d  Group"  in  Table  No.  2,  having  regard  to  the  quantity 
of  surface  in  use  in  both  Tables,  is  a  difference  of  temperature  of 
193*21  degrees  Fahrenheit,  and  a  corresponding  condensation  per 
hour  per  square  foot  of  surface  of  0*584413009  pound  weight  of 
steam  of  the  absolute  pressure  of  22*031  pounds  per  square  inch. 
Hence  for  one  degree  Fahrenheit  difference  of  temperature,  cast  iron 
in  the  natural  state  and  0*25  inch  thick,  will  condense  by  exposure 
in  still  air  0*00302422672  pound  weight  of  steam  of  the  absolute 
pressure  of  22*031  pounds  per  square  inch  per  hour  per  square  foot  of 
heat  radiating  surface.  This  is  equivalent  to  a  heat  radiation  per 
hour  of  2*874757336690  Fahrenheit  units  from  a  square  foot  of  cast 
iron  in  its  natural  state  and  0*25  inch  thick,  for  a  difference  of 
temperature  of  one  degree  Fahrenheit  on  the  opposite  sides.  These 
are  very  valuable  constants,  and  will  be  found  of  great  use  for  many 
purposes  in  engineering. 

The  Fahrenheit  unit  of  heat  referred  to,  is  the  quantity  of  heat 
required  to  raise  the  temperature  of  one  pound  of  water  at  the 
freezing  point  and  under  the  atmospheric  pressure,  one  degree  Fahr- 
enheit. 
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TABLE  No.  3. 


Kind  of  non-eonducting  coating 
employed. 


The  bare  or  uncovered  Cast 
Iron 

The  Cast  Iron  coated  with 
common  straw 

The  Cast  Iron  encased  in 
pottery  pipes  coated  with 
a  mixture  of  loamy  earth 
and  chopped  straw,  around 
which,  were  wound  wisps 
or  tresses  of  common  straw, 
there  being  an  annular  air- 
space between  the  cast  iron 
and  the  pottery  pipes 


s>    ^ 


•^  S  2 


22-031 


22-337 


22-337 


The  Cast  Iron  coated  with 
cotton  waste,  one  inch 
thick 22-337 

I 
The  Cast  Iron  coated  with  i 
old  felt  treated  with  caout-  | 
chouc i    23-867 


The  Cast  Iron  coated  with 
the  plastic  composition  or 
mortar  of  Mons.  Pimont, 
2-302")  inches  thick,  and 
of  its  natural  dark-brown 
or  mud  color 


The  Cast  Iron  coated  with 
the  plastic  composition  or 
mortar  of  Mons.  Pimont, 
2-3625  inches  thick,  and 
painted  white 


22-031 


23 -305 


Fraction  of  a  pound 
weight  of  steam  of  the 
absolute  pressure  in 
the  preceding  column, 
condensed  by  radia- 
tion, per  hour,  per  sq. 
foot  of  cast  iron,  0-25 
inch  thick,  with  nat- 
ural surface  in  still 
air,  by  a  difference  of 
temperature  of  one  de- 
gree Fahrenheit. 


0-00302422672 


0-00101234232 


Fahrenheit  units  of 
heat  radiated  per  hour 
in  still  air,  from  one 
square  foot  of  cast  iron, 
in  its  natural  state, 
and  0-25  inch  thick,  for 
a  difference  of  temper- 
ature of  one  degree 
Fahrenheit. 


0-00116418239 


0-00145.526800 


0-00155996391 


0-00165679755 


0-00153873520 


2-874757336690 


0-961813783953 


1-106075136459 


1-382631592955 


1-478214001296 


1-574911984086 
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In  the  condensation  of  steam,  the  heat  abstracted  from  it  is  its 
latent  heat  onlj,  the  resulting  water  of  condensation  having  the  tem- 
perature normal  to  the  pressure  under  which  the  condensation  takes 
place.  Now,  for  different  pressures,  the  latent  heat  of  a  given 
weight  of  steam  is  different,  becoming  less  and  less  as  the  pressure 
becomes  greater  and  greater,  but  the  ratio  of  the  decrease  for  the 
latent  heat  is  very  small  in  proportion  to  the  ratio  of  the  increase  of 
the  pressure.  For  example :  From  the  absolute  pressure  of  5 
pounds  per  square  inch  to  71  pounds,  the  decrease  in  the  latent  heat 
per  pound  weight  of  steam  is  only  10  per  centum,  but  if  accuracy  be 
required,  it  is  necessary  to  include  this  difference  in  the  calculation 
when  the  weight  of  steam  of  different  pressures  that  will  be  condensed 
under  given  conditions  is  to  be  computed  from  the  constant.  The 
correction  will  be  in  the  inverse  ratio  of  the  latent  heat  of  steam 
under  the  absolute  pressure  of  22'031  pounds  per  square  inch,  to  the 
latent  heat  under  the  pressure  for  which  the  calculation  is  to  be 
made :  the  less  the  latent  heat,  other  things  equal,  the  more  will  be 
the  weight  of  steam  condensed.  Consequently  a  greater  weight  of 
steam  of  high  pressure,  other  things  equal,  will  be  condensed  than  of 
steam  of  lower  pressure  for  a  given  difference  of  temperature  between 
that  of  the  steam  and  that  of  the  air  to  which  it  is  exposed.  But 
although  a  greater  weight  of  steam  under  these  circumstances  will  be 
condensed,  the  quantity  of  heat  lost  will  be  only  the  same.  In  other 
words,  the  number  of  units  of  heat  lost  by  radiation  will  be  the 
same,  other  things  equal,  let  the  pressure  of  the  steam  or  its  latent  heat 
be  what  it  may.  Hence  the  units  of  heat  are  not  only  the  true  mea- 
sure for  a  particular  case,  but  they  are  the  universal  one,  being  appli- 
cable to  all  cases,  and  from  them  the  weight  of  steam  condensable  can 
easily  be  calculated  for  any  particular  pressure,  the  latent  heat  nor- 
mal to  that  pressure  being  known. 

An  important  distinction  must  here  be  drawn  regarding  the 
economic  loss  of  heat  due  to  the  condensation  of  steam  by  external 
radiation,  as  to  whether  that  condensation  takes  place  in  the  boiler 
and  steam-jacket  of  a  steam-engine,  or  in  the  steam-pipe  and  steam- 
cylinder.  In  the  first  case,  the  loss  is  simply  of  the  latent  heat  of 
the  steam  ;  but  in  the  second  case,  it  is  of  the  total  heat  of  the 
steam  above  zero  Fahrenheit  less  the  Fahrenheit  temperature  of  the 
feed-water.  For  example:  In  an  ordinary  condensing  steam-engine 
the  temperature  of  the  feed-water  is  say  100  degrees  Fahrenheit,  and 
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the  pressure  of  the  steam  in  the  boiler  is  say  60  pounds  per  square 
inch  absolute.  The  total  heat  of  this  steam  above  the  zero  of  Fah- 
renheit is  1203  units,  leaving  the  quantity  of  heat  imparted  to  it  by 
the  fuel  1103  units,  the  whole  of  which  is  lost  when  the  condensation 
takes  place  in  the  steam-pipe  and  steam-cylinder ;  because  the  result- 
ing water  of  condensation  is  not  returned  to  the  boiler  with  the  tem- 
perature normal  to  the  pressure  under  which  it  was  condensed.  But 
when  the  condensation  takes  place  in  the  boiler  and  steam-jacket, 
only  the  latent  heat,  amounting  in  the  example  to  908  units,  is  lost, 
because  the  resulting  water  of  condensation  is  returned  to  the  boiler 
with  the  temperature  normal  to  the  pressure  under  which  it  was  con- 
densed.    In  the  example,  therefore,  the  economic  loss  of  heat  by  the 

/1203\ 
condensation  due  to  external  radiation,  is  f  -qTrr  )  =  32^  per  centum 

greater  when  that  condensation  takes  place  in  the  steam-pipe  and 
steam-cylinder  than  when  it  takes  place  in  the  boiler  and  steam- 
jacket.  It  is  thus  apparent  that  even  as  regards  the  loss  of  heat  by 
external  radiation,  a  material  gain  can  be  realized  by  the  use  of  a 
steam-jacket;  and  also  that  when  a  steam-jacket  is  used,  the  steam- 
pipe  should  discharge  into  it  and  not  directly  into  the  cylinder,  which 
latter  should  draw  its  steam  from  the  jacket.  By  such  an  arrange- 
ment nearly  one-third  of  the  fuel  required  to  supply  the  loss  of  heat 
by  the  external  radiations  from  the  steam-pipe  and  from  the  unjack- 
eted  steam-cylinder,  can  be  saved,  even  after  allowing  for  the  greater 
external  surface  of  the  steam-jacket  than  of  the  cylinder  it  protects. 
Of  course,  the  narrower  the  annular  space  separating  the  two,  the 
greater  will  be  the  benefit  of  the  jacketing;  which  thus  extends,  not 
only  to  the  cylinder,  but  to  the  steam-pipe  when  the  latter  discharges 
into  the  jacket.  I  am  not  aware  that  these  facts  have  ever  before 
been  pointed  out. 

Returning  now  to  an  examination  of  the  experimental  results,  we 
find  that  of  the  difi"erent  non-conducting  substances  tried,  the  mo?;t 
eflScient  was  common  straw  (1st  Group,  Table  No.  2),  and  its  appli- 
cation reduced  the  loss  of  heat  by  radiation  from  the  bare  steam- 
pipes  G6"54  per  centum. 

The  next  most  efficient  non-conductor  was  the  pottery-pipes  coated 
with  a  mixture  of  loamy  earth  and  chopped  straw,  around  which  were 
wound  wisps  or  tresses  of  common  straw,  there  being  an  annular  air 
space  between  the  steam-pipe  and  the  pottery-pipe  (3d  Group,  Table 
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No.  2).  The  application  of  this  system  reduced  the  loss  of  heat  by 
radiation  from  the  bare  steam-pipes  61*52  per  centum. 

The  third  place  in  non-conducting  efficiency  was  held  by  cotton 
waste,  that  is  broken  cops  as  they  come  from  the  machines  for 
weaving  cotton  cloth  (4th  Group,  Table  No.  2).  Its  application  in 
one  inch  thickness  reduced  the  loss  of  heat  by  radiation  from  the 
bare  steam-pipes  5121  per  centum. 

The  fourth  place  in  non-conducting  efficiency  was  held  by  the  old 
felt  which  had  been  treated  with  caoutchouc  and  used  on  printing  ma- 
chines (2d  Group  bis,  Table  No.  2).  Its  application  in  unknown 
thickness  reduced  the  loss  of  heat  by  radiation  from  the  bare  steam- 
pipes  48*58  per  centum.  The  experiments  with  this  substance  being 
but  two  in  number  and  its  thickness  unknown,  but  little  use  can  be 
made  of  its  constant  with  confidence. 

Last  in  non-conducting  efficiency  was  the  plastic  composition  of 
Mons.  Pimont,  consisting  essentially  of  clay  mixed  with  cows'  hair 
and  perhaps  other  substances,  and  kneaded  with  water  (5th  group. 
Table  No.  2).  Its  application  in  2*3625  inches  thickness  reduced 
the  loss  of  heat  by  radiation  from  the  bare  steam-pipes  45*22  per 
centum,  the  composition  being  of  its  natural  dark  brown  or  mud 
color.  'AY  YVAM    .8  .U   £1 

Three  experiments  (5th  group,  his,  Table  No.  2)  were  made  with 
this  composition  painted  white,  with  a  view  to  ascertain  whether  its 
heat  radiating  quality  was  affected  by  color.  The  experiments  were 
too  few  to  establish  the  fact  with  certainty,  but  taking  them  as  they 
stand,  they  show  a  reduction  of  7*32  per  centum  in  the  heat  lost  by 
radiation  from  the  same  substance  in  its  natural  dark  brown  or  mud 
color. 

The  preceding  Table  No.  3  shows  the  quantity  of  heat  radiated  per 
hour  in  still  air  from  one  square  foot  of  0*25  inch  thick  cast  iron 
steam-pipe  surface  in  its  natural  state,  for  a  difference  of  temperature 
on  the  two  sides  of  one  degree  Fahrenheit,  when  bare  and  when 
coated  with  the  non-conducting  substances  hereinbefore  described. 
The  quantity  of  heat  is  expressed  both  in  fractions  of  a  pound  weight 
of  steam  condensed,  and  in  Fahrenheit  units. 

The  following  example  illustrates  the  practical  use  of  the  constants 
in  Table  No.  3.  Suppose  an  area  of  100  square  feet  of  bare  cast 
iron  0-25  inch  thick,  to  have  upon  one  side  an  absolute  steam  pres- 
sure of  55  pounds  per  square  inch,  and  upon  the  other  side  still  air  of 
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60  degrees  Fahrenheit  temperature,  -what  weight  of  steam  would  be 
condensed  per  hour  by  the  heat  radiation  from  the  100  square  feet  of 
surface  under  the  supposed  conditions  ? 

The  temperature  of  steam  of  55  pounds  absolute  pressure  per  square 
inch  is  287  degrees  Fahrenheit,  and  the  latent  heat  is  912  Fahrenheit 
units.  The  difference  between  the  temperatures  of  the  steam  and  of  the 
air  is  227  degrees  Fahrenheit,  Then,  as  the  constant  for  the  bare  cast 
iron  is  2*874757336690,  the  weight  of  steam  that  would  be  condensed 


392 


,         ,       ,           .       .     /2-874757336690x227Xl00\     „.  --. 
per  hour  by  the  surface  is  I — j=71ooi 

pounds.  And  the  Fahrenheit  units  of  heat  that  would  be  radiated 
per  hour  from  this  surface  would  be  (2-874757336690x227X100)  = 
65256-99154. 


REPORT   OF  THE  TRIALS  OF  THE   STEAM-MACHINERY  OF   THE  U.  S. 
REVENUE  STEAMERS  "RUSH,"  "DEXTER,"  AND  "DALLAS,"* 

AT    TUE    U.  S.    NAVY  YARD,  BOSTON,  MASS.,  IN  THE  MONTH  OF  AUGUST, 

1874,  BY  A  JOINT  BOARD   OF    U.  S.  NAVAL  AND  U.  S. 

REVENUE-MARINE    ENGINEERS.* 


In  the  early  part  of  the  present  season  there  were  completed  for 
the  U.  S.  Revenue  Marine,  three  new  revenue  steamers,  named,  re- 
spectively, in  honor  of  ex-Secretaries  of  the  Treasury,  the  "Rush," 
the  "  Dexter,"  and  the  "  Dallas."  The  three  vessels  are  similar  as 
r«spects  tlie  hulls,  the  screws,  and  the  boilers,  but  the  engines  are 
different  each  from  the  other — that  of  the  ''  Rush"  being  a  compound 
engine;  that  of  the  "Dexter"  a  high-pressure  condensing  engine; 
and  that  of  the  "  Dallas,"  a  low-pressure  condensing  engine. 

The  vessels  are  each  140  feet  long  over  all,  129J  feet  between  per- 
pendiculars at  water  line,  23  feet  extreme  breadth  of  beam,  and  10 
feet  depth  of  hold.  The  draught  of  water  aft  is  about  8  feet  10 
inches.  The  hulls  are  of  wood.  The  vessels  represent  the  smallest 
type  of  full-powered  screw  revenue  cutters  adapted  for  cruising  pur- 
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poses.  They  were  all  intended  to  be  rigged  as  schooners,  but  it 
having  been  decided  to  send  the  "Rush"  to  the  Pacific  Coast,  she 
was  rigged  as  a  top-sail  schooner.  One  of  the  vessels  averaged 
upward  of  eleven  nautical  miles  per  hour  for  six  consecutive  hours  on 
her  trial  trip,  and  neither  of  them  averaged  less  than  ten  knots,  the 
machinery  being  entirely  new  in  each  case. 

Each  vessel  has  one  boiler,  11  feet  wide  on  base  and  9  feet  high, 
with  a  double  segmental  shell,  each  portion  being  6  feet  2  inches  in 
diameter.  There  are  three  furnaces  in  each  boiler,  located  between 
water  legs  attached  to  the  bottom  of  the  shell.  The  products  of  com- 
bustion return  through  tubes  within  the  shell.  The  boiler  of  the 
"Dallas,"  designed  for  low-pressure  steam,  is  13  feet  9  inches  long, 
the  front  connection  being  built  in  and  the  steam  chimney  attached  to 
the  boiler.  The  boilers  of  the  two  other  vessels  were  designed  for 
high-pressure  steam,  and  are  each  12  feet  long,  independent  of  front 
connection,  Avhich  is  a  separate  structure,  bolted  on.  The  steam 
chimney  is  also  a  separate  structure,  connected  to  boiler  by  a  large 
tube.  Tlie  boiler  of  the  "Dallas"  has  160  tubes  3^  inches  in  diame- 
ter and  9  feet  3  inches  long.  The  boilers  of  the  two  other  vessels 
have  each  158  tubes  3^  inches  in  diameter  and  9  feet  8  inches  long. 

The  "  Rush"  is  propelled  by  a  compound  engine,  with  vertical 
cylinders  and  intermediate  receiver,  arranged  fore  and  aft  at  the 
same  level,  the  pistons  being  separately  connected  to  cranks  at  right 
angles.  The  cylinders  are  thoroughly  steam-jacketed,  felted,  and 
lagged,  and  are,  respectively,  24  and  38  inches  in  diameter,  with  27 
inches  stroke  of  piston.  The  steam  is  distributed  to  the  high-pressure 
cylinder  by  a  short  slide-valve  with  adjustable  cut-off  plates  sliding 
on  back  of  same.  The  distribution  of  steam  to  the  low-pressure 
cylinder  is  effected  by  means  of  a  double-ported  slide-valve  with  lap 
proportioned  to  cut  off  the  steam  at  about  half-stroke.  The  surface 
condenser  is  arranged  on  the  starboard  side.  It  supports  two  main 
columns  from  the  cylinders,  and  contains  900  square  feet  of  condens- 
ing surface.  The  air-pump  is  operated  from  the  cross-head  of  the 
low-pressure  engine.  The  circulating  pump  is  of  the  centrifugal  type 
operatef]  by  a  small  engine,  directly  connected.  The  screw  is  8  feet 
9  inches  in  diameter  with  mean  pitch  of  14|  feet.  The  engine  was 
intended  to  be  operated  regularly  with  a  steam  pressure  of  80  pounds, 
but  during  the  trials,  hereafter  referred  to,  it  was  reduced  to  corres- 
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pond  to  the  pressure  carried  on  the  trial  of  the  "Dexter."  The 
machinery  was  designed  by  Charles  E,  Emer}',  consulting  engineer, 
and  built  by  the  Atlantic  Works,  East  Boston,  Massachusetts,  the 
contractors  for  the  vessel  complete. 

The  "Dexter"  was  also  built  under  contract  with  the  Atlantic 
Works  of  East  Boston,  Massachusetts.  The  engine  of  this  vessel  was 
built  from  designs  of  that  establishment,  and  is  of  the  inverted  type, 
with  a  single  cylinder  26  inches  in  diameter  and  36  inches  stroke  of 
piston.  The  cylinder  is  not  jacketed,  but  is  carefully  felted  and 
lagged.  Steam  is  distributed  by  a  short  slide-valve,  with  adjustable 
cut-off  plates  sliding  on  back  of  same.  The  condenser  is  located  out- 
side the  frame,  but  it  and  the  air  and  circulating  pumps  are  exact 
duplicates  of  those  in  the  "Rush.**  The  engine  and  boiler  are  de- 
signed to  be  operated  with  a  maximum  steam  pressure  of  70  pounds. 

The  "Dallas"  was  built  under  contract  with  the  Portland  Machine 
Works,  of  Portland,  Maine.  The  engine  was  designed  in  that  estab- 
lishment, and  is  of  the  inverted  type,  with  a  single  cylinder  36  inches 
in  diameter,  with  30  inches  stroke  of  piston.  The  cylinder  is  not 
steam-jacketed,  but  is  carefully  covered  with  non-conducting  compo- 
sition and  lagged.  Steam  is  distributed  by  a  short  slide  valve,  with 
adjustable  cut-off  plates  sliding  on  back  of  same.  The  surface  con- 
denser is  located  under  starboard  frames  and  has  the  same  condensing 
surface  as  those  in  the  other  vessels.  The  air  and  circulating  pumps 
are  also  substantially  the  same.  The  engine  and  boiler  are  designed 
to  be  operated  with  a  maximum  steam  pressure  of  40  pounds. 

The  opportunity  presented  of  testing,  iflj^these  vessels,  the  relative 
merits  of  the  three  kinds  of  engines  attracted  considerable  attention. 
Several  manufacturers  and  engineers  expressed  a  desire  that  competi- 
tive trials  be  made.  A  correspondence  on  the  subject  was  opened 
between  the  Navy  and  Treasury  Departments,  which  resulted  in  an 
agreement  for  a  trial  under  the  direction  of  persons  representing  both 
services,  and  the  undersigned,  Chief  Engineer  Clias.  II.  Loring,  U.  S. 
N.,  an<l  Clias.  E.  Emery,  consulting  engineer,  were  selected  in  belialf 
of  the  Navy  and  Treasury  Departments,  respectively,  to  make  prepa- 
rations for  and  take  general  charge  of  the  trials. 

When  the  preparations  were  complete,  the  following  officers  were 
detailed,  to  conduct  the  experiments,  viz.  :  Chief  Engineer  Edward 
Farmer,  U.  S.  N. ;  Chief  Engineer  Geo.  D.  Emmons,  U.  S.  N. ;  Chief 
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Engineer  F.  H.  Pulsifer,  U.  S.  R.  M. ;  and  Chief  Engineer  F.  A.  D. 
Bremen,  U.  S.  R.  M.  As  assistants  to  these  gentlemen  there  were 
detailed  Past  Assistant  Engineers  Harvey  and  Cook,  U.  S.  N. ; 
Assistant  Engineer  Tobin,  U.  S.  N.,  and  Mr.  E.  Hugentobler.  The 
care  of  the  machinery  was  entrusted  to  the  engineers  of  the  respective 
vessels.  The  chief  engineers  detailed  for  the  experiments  sto.od  regu- 
lar watches  with  an  assistant  while  the  experiments  were  in  progress, 
and  at  the  close  certified  duplicate  copies  of  the  logs,  which  are  de- 
posited in  the  Navy  and  Treasury  Departments,  respectively.  They 
also  computed  the  principal  results  for  their  own  satisfaction,  and 
returned  to  their  regular  duties,  but  two  of  the  assistants  were  retained 
to  assist  the  undersigned  in  making  out  a  statement  in  detail,  which 
is  presented  in  the  annexed  table. 

MANNER  OF  MAKING    THE    EXPERIMENTS. 

The  experiments  were  made  with  the  vessel  secured  to  the  wharf. 

The  coal,  which  was  anthracite  of  fair  quality,  was  broken  on  the 
wharf  to  proper  size  (the  vessel's  bunkers  having  been  closed  and 
sealed)  and  filled  into  bags  to  a  certain  weight. 

The  bags  were  sent  on  board  when  ordered  by  the  senior  engineer 
on  watch,  he  making  record  on  the  log  of  the  number  of  bags  and  the 
time  of  receipt ;  a  similar  record  being  made  by  one  of  the  men  on  the 
wharf.  At  the  end  of  the  hour  the  number  of  bags  of  coal  actually 
put  on  the  fire  was  reported  from  the  fire-room  and  entered  in  the 
appropriate  column.  The  several  records  agreed  with  each  other,  and 
the  total  amount  expended  corresponded  with  the  total  number  of 
bat^s  filled  on  the  wharf.  The  ashes  were  measured  into  buckets  of 
which  the  mean  weight  was  ascertained  and  tallied  as  they  were 
hoisted  out.  They  were  afterwards  weighed  in  gross  on  the  wharf, 
and  the  two  accounts  found  to  agree  substantially. 

The  feed-water  was  measured,  after  its  delivery  from  the  surface- 
condenser  and  before  its  return  to  the  boiler,  for  which  purpose  a 
tank  of  boiler-plate  was  especially  constructed,  having  a  plate  dividing 
it  vertically  into  two  equal  parts.*  In  the  upper  edge  of  the  plate 
was  cut  a  rectangular  notch  eight  inches  long,  by  which  the  height  to 
which  each  half  of  the  tank  could  be  filled  was  determined.  The 
mean  of  the  weight  of  water  which  the  half  tanks  contained  was  1129J 

*  [A  description  of  this  tank  appears  among  the  Editorial  Items. — Ed.] 
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pounds,  at  a  temperature  of  72  degrees  Fahrenheit.  In  the  compu- 
tations for  each  experiment,  the  weight  of  water  is  reduced  to  cor- 
respond with  mean  temperature. 

One  of  the  feed-pumps  was  disconnected  from  the  check-feed  valve, 
and  its  discharge  pipe  led  to  a  small  receiving  tank  placed  over  the 
two  halves  of  the  measuring  tank,  into  which  this  pump  forced  the 
condensed  water  from  the  hot  well.  The  receiving  tank  had  on  its 
bottom  two  cocks,  one  over  each  half-tank,  so  that  either  could  be 
filled  from  it  at  will. 

The  other  feed  pump  had  its  suction  pipe  detached  from  the  hot 
well  and  connected  with  the  bottoms  of  the  two  half-tanks,  through  a 
cock  on  each,  so  that  the  contents  of  either  could  be  drawn  out  and 
discharged  with  the  boiler. 

The  method  of  measuring  the  water  and  recording  it  was  as  follows : 
One  side  having  been  filled,  the  cock  over  it  on  the  receiving  tank  was 
closed  and  the  other  over  the  empty  half  opened.  AVhen  the  water  in 
the  full  one  had  settled  to  the  height  of  the  edge  of  the  notch,  its  cock 
in  the  feed-pipe  was  opened  and  the  contents  pumped  into  the  boiler 
(care  being  taken  to  empty  one  in  less  time  than  it  required  to  fill  the 
other) ;  when  empty,  its  feed  cock  was  closed.  "When  the  water  in  the 
tank,  being  filled,  reached  within  a  few  inches  of  the  notch,  a  gong  in 
the  engine-room  was  sounded  to  call  attention,  and  when  it  reached 
the  notch  the  gong  was  struck  twice ;  at  this  instant  the  assistant 
engineer  in  the  engine-room  noted  the  reading  of  the  counter,  and  an 
attendant  in  the  fire-room  noted  and  reported  the  height  of  water  in 
the  glass  gauge  on  the  boiler,  as  shoAvn  by  a  scale  of  inches  secured 
to  it.  The  attendant  at  the  tank  also  noted  the  time  of  filling,  and 
the  temperature  when  the  tank  was  half  emptied.  After  entering  the 
number  of  the  counter  in  the  log,  the  assistant  engineer  ascertained 
the  numerical  difference  between  that  and  the  preceding  entry,  and  if 
it  was  far  from  the  average  its  cause  was  sought  for. 

By  this  system  of  checks  all  errors  of  record  could  be  detected, 
and  it  was  possible  to  preserve  and  utilize  any  continuous  run  which 
came  to  an  end  through  derangement  of  the  engine.  All  parts  of 
the  tanks,  pipes  and  cocks  were  plainly  visible  to  the  eye,  and  had 
any  leaks  occurred  therein  they  must  have  been  detected.  That  the 
condensers  were  tight  was  evident  from  the  fact  that  the  water  re- 
mained quite  fresh  in  the  boilers. 
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The  water  lost  from  ordinary  causes  in  the  circulation  to  and  from 
the  engine  and  boiler  was  replaced  by  running  hydrant  water  into  the 
tank  that  was  being  filled.  The  additional  water  was  therefore  mea- 
sured and  charged  in  the  cost. 

The  loss  of  water  was  not  suflBcient  to  affect  the  result  materially 
in  either  case.  It  was  greatest  in  the  "Dexter,"  which  had  Been  on 
service.  The  safety-valve  of  this  vessel  leaked  slightly,  and  there 
was  probably  some  other  trifling  leak  that  could  not  be  detected.  The 
number  of  inches  that  the  water  fell  in  the  boiler  between  the  periods 
of  supply  being  shown  in  the  logs,  were  added  together,  and  from  the 
same  and  known  dimensions  of  boiler  the  volume  and  weight  lost 
were  ascertained  quite  accurately.  The  reduction  in  the  number  of 
revolutions  per  tank,  when  the  water  was  being  received  from  the 
hydrant,  furnished  another  and  perhaps  still  more  accurate  means  of 
ascertaining  the  proportionate  amount  lost  and  returned.  The  two 
methods  closely  agreed  in  fixing  the  loss  in  the  case  of  the  "Dexter" 
at  4-96  per  cent,  of  the  total  amount  of  water  used. 

A  number  of  indicators  were  tested  with  steam  before  the  trials, 
and  a  pair  selected  for  use  which  proved  correct  by  a  standard  gauge 
at  varying  pressures.  Indicator  diagrams  were  taken  every  twenty 
minutes  throughout  the  trials,  and  the  data  for  the  usual  columns  of 
the  log,  except  the  coal  and  ashes,  every  half  hour. 

It  was  ascertained  that  the  pistons  of  the  "Dexter"  and  "Dallas" 
were  tight  by  removing  the  cylinder  covers  and  letting  on  full  steam 
pressure. 

During  the  first  and  principal  experiments  with  each  vessel  the 
boilers  were  worked  at  their  maximum  power  with  natural  draft  at 
the  dock,  the  fires  being  cleaned  regularly  as  at  sea,  and  the  cut-offs 
being  adjusted  to  carry  a  steam  pressure  of  about  70  pounds  during 
trial  of  the  "Rush"  and  "Dexter,"  and  about  35  pounds  during  that 
of  the  "  Dallas." 

At  the  conclusion  of  the  principal  experiments  on  each  vessel, 
shorter  experiments,  designated  in  the  table  by  letters,  were  made  to 
determine  the  effect  of  varying  the  degree  of  expansion  at  the  approx- 
imate steam  pressures  of  70  and  40  pounds.  In  the  case  of  the 
"Dexter""  the  cut-off  Avas  shortened  for  one  experiment  as  much  as 
the  gear  provided  would  permit,  and  for  this  vessel,  as  well  as  for  the 
"Dallas,"  the  cut-off  was  gradually  lengthened,  during  other  experi- 
ments, as  far  as  the  boiler  would  supply  steam  at  the  pressure  desired. 
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Average  coal  consumed  per  hour '*                     649.091 

685.667 
12.029 
20.291 

546.538 





'.'.'.. "I'.'.IW  \"\"\."..        Tafi.^l        ■"■ 

50  }■  Coal  and  Refuse... 

51  1 
52 

i 

j        1.3.-S13 



Pert 
Core 

entawe  refuse  frtiin  coal 

20.978 

:::::::::::::::::...:::: 

SO.'ifB 

buslfble  per  hour lbs. 

512.925 

I 



: 1,,,,-...... 

,      6tKjJ47 

531 

54 

55 

56  J 

Perfonuaoce  of  En- 
gine.  

Si 

Water  per  indicated  h.  p.  per  hour  by  tanks. .  .lbs. 
•'          by  indicator  '* 

18.3836 

17.138    1        13.521 

20.4656 

16.1052 

22.0943 
19.736     1       16.9435 

2-,.cr.73 

18.S)97 

23.8572 
10.2278 
26.1337 
2L6a56 

24.1202 
17.2408 
26.a«)5 
21.9178 

23.905 
16.3303 
25.9813 
21.784 

24.3131 
18.5390 
26.1830 
21.6037 

28.802 
18.8462 
33.6284 
25.6388 

28.9356 
18.6564 
32.0»» 
25.8694 

31.7864 
20.3290 

34.8TN6 
28.1itt4 

28.6806 
19.2000 

30.S508 
^.9955 

28.9608            *.'.>i4r 

2a73ao        *uoai6 

30.5176           30.!4.*4 
28.3014   ,        2a.lft* 

asjoorr 

S1J0« 
aiI6B3 

xuae 
sun 

total        "      "      "       •• 

57) 
58 

Performance  of  En- 
_„  '     gine  and  Boiler  . . 
60  1 
61 
62  J 

5 
u 

Coal  per  indicated  horse-power  per  hour lbs. 

■•      "        net               •■             •'       ••  " 

■'      ••       total              "             '•        "  " 

2.4352 
2.7110 
2.1334 

1.9243 
2.1423 
1.6858 

3.1313 
3.4033 
2.8584 

2.4959 
2.7127 
2.2744 

3.4267 

■iS386 

iOWD 

2.^61 

"c-q            ■■           "       net               '■            "      "     " 
P,"            '■            •■       total               ■'             

I                       [  - 

63 

Performance      of 
BoUer. 

•3 

i 

■5" 

Water   evaporated    per  lb.   coal   at  observed 
pressure  and  temperature lbs. 

Equivalent     evaporation     from    atmospheric 
pressure  and  temperature.  lOOo •• 

Equivalent     evaporation     from     atmospheric 
pressure  and  temperature.  212° " 

Water  evaporated  per  lb.  combustible  at  ob- 
served pressure  anil  temperature ** 

Equivalent     evaporation     from     atmospheric 
pressure  and  temperature,  100° " 

Equivalent     evaporation    from     atmospheric 
pressure  and  temperature.  212°.... ' " 

7.5492 
7.6712 
8,5675 
9.5588 
9.7076 
10.8420 

7.0342 
7.7789 
8.6878 
9.5778 
9.7591 
10.8994 

1           ..     ... 

...J, 1£B^ 

M 

i;'.-'rlVJ 

1      *a» 

^9jaM3. 

9.8898 

M 

..ujcias..i 

.;.j.swg.... 

d'...lX:j.iii 

.r.i',.>^.^..■. 

i.v'.il.llUX 

«l 

67 

68J 

.......v.....|............l      n.03S  ; 

68 

Calculated    maxim- 
um performances 
based    on    water 
actually    used    in 
the  ditferent   en- 
gines, but  calcu- 
lated for  boilers  of 
different    propor- 
tions using  differ- 
ent kinds  of  fuel.. 

Coa 

of 

ta 
Coa 
si, 
W 
th 
lb 

per  indicated  horse-power  per  hour,  with  boil- 
s  proportioned  to  evaporate  9  lbs.  water  per  lb. 

coal,  at  pressure  and  temiierature  actually 
ed  (probably  the  maximum  which  can  be  ob- 

2.012U 
1.8884 

2.656 
2.3905 

iifii.t-^iJ: 

70 

1 
1 

1 

per  indicated  horse-power  per  hour,  using 
w   combustion  in    best   land    boilers,   or  best 
elch  coal  in  marine  boilers,  so  proportioned 
at  there  will  be  evaporated  10  lbs.  of  water  per 
of  coal  at  pressure  and  temperature  actually 
iployed 

• 

ifiSU 

71 
72 

73 
74 
75 
76 

78 
7S 
80 

14  Steam  and  expan- 
17]     sion  (repeated!. 

Average  steam  pressure  in  boiler L                  69.06 

Ratio  of  expansion |          •           6.2157 

36.781 
4.0801 

68.70 
4.4578 

69.286 
8.6688 

67.12 
8.489 

66.42 
2.7239 

40.625 
3.3377 

89.9 
2.4232 

41.8T5 
2.0815 

35.40 
5.0674 

33.a«             31.86 
3.8936             S.l»41 

axT 

2.9838 

s.sns 

Relative     perform- 

By  Comparison  of  water  used  per  tank  measurement- 

1. 

.7690 
.7706 
.6823 
.8820 
.6889 
.6388 

1.2018 
.9243 
.9261 
.8200 

1. 

.8879 
.7671 

1.2977 
.9980 

1. 
.8855 

1.0798 
.8940 
.8283 

173120" 
1.0000 
1.0110 
.8952 
1.0917 
.9038 
.8374 

1.3008 
1. 
1.0020 

.88?2 
1.0819 
.8958 
.8300 

1.3225 
1.0171 
1.0191 

.OOffli 
1.1001 

.9110 

1.6067 
1.2048 
1.20ra 
1.0689 
L303B 
1.0793 
1. 

1.5739 
1.2101 
1.2129 
1,0739 
1.3096 
1.0843 
1.0046 

i.rau 

1.8207 
1.3324 
1.IW7 
L43S7 
1.1911 
1.1037 

1.4516 
1.1164 
HI8« 
.99W 
l.aOTS 
1. 

.asas 

1.4665   .          1.4<io7 

LISTS   '          L1S« 
LlStn              L12M 
l.tHXW              1. 
1.S30S   ,          Lil96 
l.OKB              1.0097 
.S360  ,           .9855 

LSS 
l-SOBO 
1.2114 
1.<C96 

i.avi 

l.ftWS 
l.A«4 

October  6,   1874. 


CHARLES  H.  LORING,  Chief  E.nciseer   U.  S.  N.. 
CII.\RLES   E.   EMERY,   Consulting   Enoiseer   V.  S.   R.   M. 
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The  long  runs  having  demonstrated  the  evaporative  qualities  of  the 
boilers,  record  was  made  during  the  short  runs  of  the  amount  of  wa- 
ter used  only  ;  from  this  quantity  of  coal  necessary  to  evaporate  it 
can' easily  be  obtained.  It  would  have  been  impossible  to  distribute 
properly  the  coal  consumed  during  the  short  runs  which  followed  each 
other  immediately.  While  these  runs  were  in  progress  an  officer  was 
stationed  at  the  tanks  and  one  in  -the  fire-room,  in  addition  to  the 
usual  number  on  Avatch,  to  avoid  the  possibility  of  error. 

In  the  annexed  table  we  have  endeavored  to  show  accurately,  in 
condensed  form,  the  results  of  the  trials  of  the  particular  machinery 
described  under  the  particular  conditions  named. 

The  actual  performances  will  be  found  in  lines  53  to  68,  inclusive, 
of  the  table,  the  previous  lines  showing  the  several  observed  and  com- 
puted quantities  from  which  the  performances  were  calculated. 

As  previously  stated  the  boiler  during  the  principal  experiments 
on  each  vessel  was  operated  at  maximum  power,  and  the  results  show 
that  the  evaporation  was  fully  equal  to  that  obtained  in  ordinary 
practice,  but  inasmuch  as  on  land,  and  occasionally  in  steamers  where 
space  will  permit,  it  is  the  practice  to  use  a  slower  rate  of  combustion 
in  comparatively  larger  boilers,  thereby  increasing  the  evaporative 
effect,  there  has  been  added  to  the  table,  for  comparison  under  such 
circumstances,  lines  69  and  70,  showing  the  performances  compared 
on  the  basis  of  the  water  actually  used,  but  with  boilers  of  such  pro- 
portions or  using  such  variety  of  coal  that  the  evaporation  will  equal 
nine  and  ten  pounds,  respectively,  per  pound  of  coal. 

The  relative  performances  shown  decimally  in  lines  73  to  80,  inclu- 
sive, with  different  experiments  as  unity,  will  be  found  convenient  for 
comparison. 

It  is  believed  that  the  other  portions  of  the  table  will  be  fully 
understood  without  discussion  or  further  explanation  on  our  part. 

Annexed  will  be  found  specimens  of  the  Indicator  Diagrams  taken 
during  the  principal  runs. 

ClIAS.   II.  LORING, 

Chief  Engineer,  U.  S.  N. 
Chas.  E.  ExMery, 
Consulting  Engineer,  U.  S.  R.  31. 

October  10,  1874. 


INDICATOR  DIAGRAMS. 


U.    S.    REVENUE-STEAMER,   "RUSH." 

High-Pressure  Cylinder. 

Scale  of  indiciitor,  40  pounds  per  inch. 


iloni  iB'Low-Pressure  Cylinder. 

Scale  of  indicator,  16  pounds  per  inch. 
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U.    S.    REVENUE-STEAMER,    "DEXTER." 
Scale  of  indicator,  40  pounds  per  inch. 


U.    S.    REVENUE-STEAMER,    "DALLAS." 
Scale  of  indicator,  24  pounds  per  inch. 
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ON  THE  MOMENTS  AND  REACTIONS  OF  CONTINUOUS  GIRDERS. 


By  Mansfield  Merrimajst,  C.  E., 

Instructor  in  Civil  Engineering  in  the  Sheffield  Scientific  iichool. 


I  wish  to  put  here  upon  record  some  of  the  results  of  my  studies 
on  continuous  girders,  -which  may,  perhaps,  prove  of  interest  to 
practical  engineers  and  bridge  designers.  In  this  article  I  shall  take 
up  only  the  commonest  case,  viz.,  girders  of  a  constant  moment  of 
inertia,  whose  spans  are  all  equal,  whose  supports  are  upon  the  same 
level,  and  whose  ends  lie  free  upon  abutments.  In  designing  such  a 
continuous  truss  it  is  necessary,  in  order  to  compute  the  maximum 
strains,  to  know  the  moments  and  reactions  at  each  of  the  supports 
for  various  assigned  systems  of  loading.  The  calculation  of  these 
by  algebraic  work  from  the  theorem  of  three  moments  is  long  and 
tedious,  particularly  when  the  number  of  spans  is  great,  or  when  the 
truss  is  to  be  computed  for  many  different  positions  of  the  rolling 
load.  Especially  is  this  true  when  the  loads  are  considered  as  con- 
centrated at  the  panel  points  of  the  truss.  It  is,  perhaps,  greatly 
owing  to  this  difBculty  of  calculation  that  continuous  girders  have 
been  heretofore  so  little  used. 

The  moments  and  reactions  for  girders  of  equal  span  follow  a  law 
of  diverging  values,  by  virtue  of  which  they  may  be  presented  in  tri- 
angular tables  capable  of  being  extended  to  include  any  number  of 
spans.  From  these  tables  these  quantities  at  once  become  known, 
and  the  labor  of  days  may  thus  be  reduced  to  that  of  a  few  minutes. 
I  shall  give  the  moments  and  reactions  for  the  following  cases  :  I, 
a  uniform  load  over  the  whole  girder ;  II,  a  uniform  load  in  a  single 
span  of  the  girder  ;  III,  a  single  concentrated  load  in  any  span  of 
the  girder.  These  three  cases  can  be  so  combined  by  the  bridge 
computer  as  to  embrace  any  required  system  of  loading.  The  ex- 
planation and  use  of  the  tables  will  first  be  presented,  and  in  a  second 
article  a  mathematical  proof  of  their  accuracy  be  given. 

Case"  I.  A  uniform  load  over  the  wliole  girder.  Let  the  length 
of  each  span  be  I,  and  the  load  per  unit  of  length  w.  Then  at  any 
support, 
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Moment  =  A.wV'.     Reaction  =  ^wl^ 
Avhcre  A  and  B  are  constants  given  in  the  triangles  below. 


Ta0L£-for  B 


NUMBER 
OF  SUPPORTS 
,    ^ 1 

^J-  X 2 

2 

10  X/   3    \  o 

-g-  X  -g-  V- J 

1 1  X,/"  4.    \ 4 

10  /\  10 /\ 

JL\/i2.\/_tL\ -ii_5  .fuM' 

28   /\28  /X^S  /^ 

37\/43  XX  '5     X e 

38  /\38  /X 38 /\' 
I06\/'°0\X"8  \/   -^1      N 
|04-/\l04y-\  lO^/VlC^   ^'      ""     ' 

I43\/   I37\/|6I  X/  56 

14-2  y\  14-2 /\  142  /XI42 


The  spaces  in  these  triangles  indicate  the  supports  of  the  girder. 
Thus,  in  Table  B,  the  second  horizontal  line  refers  to  a  simple  beam 
of  one  span,  whose  reactions  at  the  two  supports  arc  i  wl  and  |  wl ; 
the  third  horizontal  line  indicates  a  continuous  beam  over  three 
supports,  where  the  reactions  arc  |  wl,  g  wl,  and  f  u'l  respectively. 

These  triangles  can  be  extended  to  any  required  length  by  the 
application  of  the  following  law,  which  obtains  in  all  oblique  columns. 
The  numerator  of  the  fraction  in  any  space  corresponding  to  an  odd 
number  of  supports  is  equal  to  the  difference  of  the  preceding  and 
following  numerators.  The  numerator  for  an  eve^i  number  of  sup- 
ports is  equal  to  one-half  the  difference  of  those  preceding  and  fol- 
lowing, and  the  same  law  is  true  for  the  denominators.  Therefore, 
to  obtain  a  number  when  the  supports  are  odd,  multiply  the  last  one 
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by  two  and  subtract  the  number  preceding ;  when  the  supports  are 
even  add  together  the  two  preceding  ones.  Thus,  to  get  the  denom- 
inator of  the  fraction  for  eight  supports  in  Table  A,  we  have  10-t  + 
38  =  142 ;  to  get  the  numerator  for  the  second  support  from  the 
left,  we  have  11+4  =  15;  for  the  fourth  support,  9  +  3  =  12,  or, 
8+4  =  12.     To  get  the  quantity  for  the  fourth  support  in  a  girder 

2x11  +  11          33 
over  nine  supports  we  have + = '—;    or,    by    usins:    the 

^^  2x142  +  104       388  '      "^ 

other  oblique  column,  ^-^  A   -T        =  _1      the    same    result.       A 
^  2x142+104       388 

single  exception  to  this  law  exists  in  Table  B;  the  two  extreme  ob- 
lique columns,  representing  end  supports  or  abutments,  although 
themselves  following  the  above  law  perfectly,  do  not  when  taken  in 
the  opposite  direction  in  connection  with  the  other  supports  or  piers. 
Hence,  in  extending  this  triangle,  care  should  be  taken  to  use  the 
longest  oblique  columns. 

Case  II.  A  uniform  load  in  a  single  span  of  the  girder.  Let  the 
supports,  beginning  with  the  abutment  on  the  left,  be  numbered  1,  2, 
3,  etc.,  as  far  as  the  loaded  span,  and  let  the  spans  beginning  on  the 
left  be  I,  II,  III,  IV,  etc.  Counting  from  the  right  hand  end  let  the 
supports  be  numbered  1',  2',  3',  etc.,  and  the  spans  F,  II',  etc.  Call 
the  moment  at  any  support  on  the  left  of  the  loaded  span  M,  on  the 
right  M' ;  when  the  moment  at  any  particular  support  is  mentioned 
it  will  receive  a  subscript  corresponding  to  the  index  of  the  support, 
thus,  Ms  indicates  the  moment  at  the  third  support  from  the  left,  and 
M'2  the  moment  at  the  second  support  from  the  right  hand  end.  In 
the  same  way  the  reactions  are  called  R  and  R'.  The  reactions  at 
the  supports  adjacent  to  the  loaded  span  will,  however,  generally 
be   referred  to  as   R  ^  and  R  /■     Thus  a  girder  of  six  spans   with 

S.  S  "K  A  i^         s  A 

I  2  3  4  3'  2'  I' 

the  fourth  span  from  the  right  end,  loaded,  is  shown  in  the  figure  with 
the  indices  corresponding  to  the  above  notation. 
All  the  moments  will  be  given  by  the  formulae, 

M  =  ^  wl\  and  M'  =  ^wl\ 
4c  4c 
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where  D,  D',  and  c  are   constants  to  be  taken   from  the  following 
tables  : 


Support  counted  from  Left. 
1*     1  1         2           3           4 

5 

6 

g     I' 

0 

—1 

4 
-12 

—16 

56 

—209 

§    II' 

0 

3 

45 

-168 

627 

«III' 

0 

-11 

44 

—165 

616 

o 

o  IV' 

<  

OT     V 

0 
0 

41 

—164 

615 

—153 

612 

a 

t  VI' 

0 

671 

—2284 

6' 

5' 

Support  counted  from  Right. 
4'          3'          2'        1'    1      !>' 

—209 

56 

—15 

4 

—1       0 

627 

—168 

45 

—12 

3 

0 

616 

—165 

44 

-11 

0 

III    ^ 

Q 
O 

615 

—164 

612 

41 

0 

S 

—153 

0 

571 

0 

VI    1 

To  illustrate  the  use  of  these  tables  let  us 
find  the  moments  at  the  supports  in  the  gir- 
der of  six  spans  given  above.  For  the 
moments  on  the  left  of  the  load,  we  look  out 
D  in  the  horizontal  column  III':  since 
there  are  six  spans,  C  =  —  780,  Thus 
U  44 


M.  =  0.  U,=  ^^^^l\ 


165 

For  the   moments  on   the  right  of  the  lo;i(l, 
WH  look  for  D'  in  tiie  horizontal  column  IV. 

TlUH 


iM',  =  0.     M' 


41 


M' 


1G4 


jij 


AVL\ 


1 

1 

--  ^■.' 

_4 
15 

Jl 

4'^ 

—56 

5 

209 

6, 

7 
8 

.    —780 
2911 

—10864 

e  .t93. 
10 

40545 
—151316 

8120' 

Tiu'sc!  tiihh's  ni;iy  Ix'  oxtcndt'd  to  includo  any  riMjuirod  number  of 
spans  by  tlic  following  law,  which  obtains  in  all  horizontal  and  verti- 
cal (toluuiiis.  Multiply  any  number  by — 4,  and  subtract  the  pre- 
C!'di-ig  one  to  olitaiM  tin;  next  r«'qiiired  number;  e.  ^  ,  to  obtain  the 
nu!iii)"r  -it  the  intersection  of  IV'  ami  4,  in  Table  D,  we  have 
—  4(  _i(;i)_|i  =(il5,  or,  — 4(— lOn')  —  45  =  615.  Also,  for 
D  and  I)',  wi-  havi;  the  additional  law:      To  obtain  any  number,  mul- 
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tiply  together  the  numbers  in  columns  I  and  2,  and  change  the  sign 
of  the  result ;  thus,  —  (—  15x41)  =  615. 

The  reactions  due  to  a  uniform  load  in  a  single  span  are  all  easilj 
obtained  from  the  preceding  tables  of  moments,  except  those  at  the 
supports  adjacent  to  the  loaded  span.  For  the  reactions  at  the 
abutments, 

R,= — -^  = —  — wZ,  if  the  load  is  not  in  the  first  span,  and 

I  4c 

Wi=  —  ■" ^^  =  — w/,  if  the  load  is  not  in  the  last  span. 

I  4c 

For  the  reactions  at  other  supports  (not  adjacent  to  the  load), 

Z        4c  Z        4c 

The  reactions  at  the  supports  next  to  the  loaded  span  will  be  given 

by  the  expressions, 

R^  =  FwZ,  and  R/=  F'wZ, 

in  connection  with  the  following  tables  ;    where  the  spaces  indicate 

spans  ; 


thus,  if  a  girder  of  two  spans  have  a  uniform   load  in  the   first,  we 

have  at  once, 

7  10 

If) 


F=Yg  and  F' 


The  numbers  in  this  triangle  follow  (numerically  in  the  oblique 
columns)  the  same  law  as  D  ;  four  times  any  number  minus  the  pre- 
ceding one  being  equal  to  the  next  following  one.  The  first  oblique 
column  in  F,  and  the  last  in  F',  representing  abutments,  vary  from 
the  law  when  taken  in  connection  with  the  other  columns,  although 
they  themselves  follow  it  perfectly. 

For  example,  let   us   find   the  reactions  due  to  the  uniform  load  in 

the  girder  of  six  spans  given  above;  we  have  Ri=  —  _W=  — wl 

4c  3120     ■ 
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R=    ^?wl^ wL  etc.;  also.  R^^  Fivl,  where  F  is  found  by  the 

4c  3120  ^ 

If        .V,    .  Ki  T?      4x479  —  146       1770        ,     ■    •,     ,     . 

law  irom  the  table,  or  J^  = = ,  and   similar! v  lor 

4x»ao  — :^-^4       'dim 

4x473  —  128       1764      „  r        .u      k       <•         i      *u 

t, = Hence,  irom  the  above  tormuhTe,  the  re- 

4x836  —  224       3120 
actions  for  that  case  are, 

Ri^ — wl.     R^= ivl.    R3= — ~ — wL    R,= ivl. 

3120  3120  3120  3120 

p,        41      ,      p,  246    ;      J.,       1764   , 

3120  3120  3120 

Case  III.  A  single  concentrated  load  in  any  span  of  the  girder. 
In  addition  to  the  notation  previously  employed  I  call  the  concentra- 
ted load  P,  and  its  distance  from  the  nearest  left  hand  support  a.     The 

quantity,  -,  is  of  very  frequent  occurrence  and  is  represented   by  k. 

As  in  the  previous  case  all  the  moments  will  be  given  by 

M=  ^Vl,  andM'  =  ^-'PZ. 
c  c 

The  tables  on  the  following  page  give  G  and  G'; 
These  tables  are  used  exactly  like  those  in  the  previous  case ;    for 
illustration  let  us  take  a  girder  of  six  spans,  with  a  load  in  IV  or 


^ s        s         4-    -4  ^, ^. ^ 

1  2  3  4    «        3  2  I 

III'.       Looking    for    G    in    the    horizontal     column    III'    we    have 

P/ 

M,  =  0.     M,=  _— (26A:— 45A:2+19F).     }>!,=  —  4M,.    M,=  1 5M  . 
780^  ^ 

Looking  for  G',  in  the  horizontal  column  IV,  we  get 

M',=  0.     M',=  — _^--(26/fc4-45F—  7  IF).     M',  =  —  4M',. 

Substituting   in    these   expressions  the  numerical    values    of   A:  = 
- ,  corresponding  to  the   panel   distances  of   the   truss   in   hand,   the 
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moments  due  to  every  position  of  the  rolling  load  in  this  span  become 
known. 

The  law  for  the  extension  of  these  tables  is  apparent  upon  inspec- 
tion. The  coefficients  of  k,  k^^  and  J^  increase  vertically  by  the  law 
of  multiplying  each  number  by  four  and  subtracting  the  preceding 
one.  The  coefficients  of  the  parentheses  increase  horizontally  by  the 
same  law,  and  their  signs  alternate. 

The  reactions  become  known  by  formuUie  and  tables  similar  to 
those  of  the  preceding  case.     For  the  reactions  at  the  abutments, 

R.-  -  ^1^=  -  -5:P,  and   R/,=  -  5.'p. 
I  c  c 

For  all  the  other  reactions  except  those  at  the  supports  adjacent  to 
the  loaded  span, 

R=  6!^=6P^,and  R'=  6p5_'. 
I  c  c 

The  reactions  at  the  supports  adjacent  to  the  loaded  span  would  be 
best  presented  to  the  eye  by  triangles  similar  to  those  used  in  the 
last  case,  but  for  convenience  in  printing  they  wMll  be  given  in  tables 
like  those  used  for  the  moments. 

The  spaces  in  these  tables  represent  spans ;  by  following  the  ob- 
lique lines  the  values  may  be  taken  out  as  in  the  triangles  ;    thus  all 

P 

the  quantities  beginning  with  —  belong   to   a  girder  of  four   spans. 

56 

Or,  without  considering  the  number  of  spans,  the  reactions  may  be 
determined  by  the  number  of  the  span  counted  from  each  end.  Thus, 
if  a  load  be  on  the  second  span  from  the  left  and  fourth  from  the 
right,  the  reactions  adjacent  to  the  loaded  span  are  found  in  the 
spaces  at  the  intersection  of  II  and  IV'. 

These  tables  follow,  in  the  horizontal  and  vertical  columns,  the 
law  of  multiplying  each  number  by  four  an<i  subtracting  the  preced- 
ing one  to  obtain  the  next  following  number.  As  before  it  is  to  be 
noticed  that  the  first  vertical  column  for  R  and  the  first  horizontal 
column  for  R',  representing  the  reactions  at  the  abutments,  do  not 
conform  to  the  law  when  taken  in  connection  with  the  others, 
although  they  themselves  follow  it  exactly. 


214 


Civil  and  Mechanical  Engineering. 


9> 

a 

92 

^ 

?» 

4i^  —  a 

?* 

15/9  — 4a          ' 

q, 

56/9  —  15a 

9e 

209/9  —  56a 

?T 

780/9  —  209a      j 

9^ 

2911/9  — 780a 

9^ 

10864;9  — 2911a 

qio 

40545/9— 10864a 

Etc. 

If  it  were  desired  to  use  these  tables 
for  the  calculation  of  a  continuous  girder 
of  a  great  number  of  spans,  say  twenty, 
it  would  by  no  means  be  necessary  to 
compute  all  the  intermediate  values  to  ob- 
tain the  quantities  for  that  case.  The 
extension  of  a  single  oblique  column, 
or  most  two,  will  always  be  suflScient, 
in  connection  with  the  following  table  of 
multipliers.  If  a  series  of  numbers 
follow  a  law  such  that  each  one  is  equal 
to  four  times  the  preceding,  minus  the 
next  preceding,  they  will  be  represented 
by  the  following  table,  where  a  and  ^ 
are  any  two  such  numbers,  and  ^^  q.^,  q^, 
etc.,  the  successive  numbers  beginning 
with  a.  This  table  may  be  made  out  once  for  all,  since  the  co-efficients 
of  a  and  /9  follow  the  above  law.  For  instance :  To  obtain  from 
table  F  the  moment  at  support  3,  due  to  a  uniform  load  in  span  III, 
for  a  girder  of  twenty  spans,  we  have  a  =39,  /9  =  128  for  the 
numerators,  and  a  =  60,  /9  =  224  for  the  denominators,  and  the  cor- 
responding quantities  will  be  determined  by  substituting  these  values 
in  ^19-  Tables  A  and  B  may  be  extended  in  this  way,  since  the 
quantities  corresponding  to  even  numbers  of  spans  follow  this  same 
law,  as  also  do  the  odd  spans. 

I  might  also  give  tables  like  the  above  Avhich  would  give  the  mo- 
ments and  reactions  due  to  a  uniform  load  over  a  part  only  of  a  single 
span.  S-:ould  they  be  required  they  can  be  obtained  in  every  case 
from  the  formulae  for  a  single  concentrated  load  by  putting  P  equal 
to  wda,  and  integrating  the  expressions  between  the  desired  limits. 
Tables  following  the  same  law  of  diverging  values  could  also  be  given 
for  the  inflection  points,  and  the  maximum  deflection  in  every  span, 
but  would  be  of  very  little  practical  value.  The  moments  and  reac- 
tions alone  are  sufficient  to  fully  compute  any  truss.  The  former 
divided  by  the  depth  of  the  truss  gives  the  chord  strains  over  the 
supports  p  the  latter  determine  the  shearing  force  at  every  cross 
section.  From  these  the  strains  in  all  the  other  members  may  be 
easily  found  either  by  algebraic  or  graphical  methods  for  the  proper 
cases  of  loading. 
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In  the  next  number  of  this  Journal  I  propose  to  give  a  strict 
mathematical  demonstration  that  the  above  laws  and  formulae  hold 
true  for  all  continuous  girders  of  the  class  considered,  and  by  which 
anyone  may  test  the  accuracy  of  the  tables  here  presented.  I  shall 
also  investigate  and  present  simple  formulae  and  tables  for  the  case 
where  the  two  end  spans  are  different  in  length  from  the  other  spans, 
the  ends  being  either  free  upon  abutments  or  firmly  fastened,  so  that 
the  tangent  at  that  point  is  always  horizontal. 
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THE  NEW  PAVILION  WARD  OF  THE  PRESBYTERIAN   HOSPITAL  OF 

PHILADELPHIA. 


By  Joseph  M.  Wilson,  C.  E.,  Engineer  and  Architect. 


The  Presbyterian  Hospital  of  Philadelphia  has  now  nearly  com- 
pleted a  new  Surgical  Pavilion  Ward  on  its  grounds  at  Thirty-ninth 
Street  and  Powelton  Avenue,  and  as  the  plan  and  arrangement  are  a 
considerable  departure  from  the  old  established  and  time-honored 
principles  of  hospital  construction,  a  short  description  may  be  of 
interest. 

The  principles  of  the  arrangement  are  based  on  those  of  the  United 
States  Temporary  Military  Hospitals  erected  during  the  late  war,  and 
afterwards  extensively  adopted  in  Germany  during  the  Franco- 
German  War,  and  also  to  a  greater  or  less  extent,  made  use  of  in 
some  of  the  later  European  permanent  constructions. 

The  building,  as  shown  by  the  accompanying  plan,  consists  of  only 
one  story,  and  is  comprised  in  a  rectangular  space  of  32  feet  by  143 
feet,  its  position  lengthwise  being  nearly  north  and  south.  It  con- 
tains the  following  apartments :  A  sitting-room  of  30  by  16  feet  at 
the  south  end,  communicating  directly  with  a  ward-room  of  30  by  88 
feet,  the  latter  having  a  capacity  of  28  beds.  From  the  north  end 
of  the  ward-room  a  hall  of  6  feet  in  width  connects  with  an  entrance 
from  the  street  at  the  north  end  of  the  building.  On  the  west  side  of 
this  hall  are  arranged  the  operating  room,  11^  by  16  feet,  and  the 
nurses'  room  11|  by  14  feet,  the  latter  having  a  large  linen  closet 
11^  by  5  feet   attached  to   it.     On  the' east  side  are  the  baths  and 
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lavatories  and  water-closets,  and  a  special  diet  kitchen  of  11|  by  10 
feet. 

The  foundations  of  the  building  are  of  stone.  The  floor  is  raised 
to  a  level  of  5  feet  above  the  ground,  and  the  space  underneath  left 
open  to  the  free  circulation  of  air  by  means  of  arches  in  the  brick 
walls  along  the  sides  of  the  building,  the  area  of  ground  contained 
within  being  covered  with  a  good  asphalte  pavement,  so  as  to  prevent 
any  moisture  arising  from  it.  The  ground  around  the  building  is 
well  sloped  off  so  as  to  drain  all  water  away  from  it.  The  exterior 
walls  are  of  brick,  13  inches  thick,  and  built  hollow. 

The  north,  or  street  entrance,  is  of  pressed  brick,  with  courses  of 
colored  brick  and  Ohio  stone  dressings,  the  entrance  steps  being  of 
granite.  Particular  care  has  been  taken  in  building  the  walls  that  no 
opportunity  shall  be  afforded  for  moisture  to  get  through  from  the 
outer  to  the  inner  portions  of  the  wall.  Between  every  window,  and 
near  the  level  of  the  floor,  small  openings  are  made  from  the  exte- 
rior to  the  inner  air  space  of  the  brick  walls,  with  little  iron 
doors  to  them  that  may  be  opened  or  closed  at  pleasure.  These 
openings  all  have  permanent  wire  screens  to  prevent  entrance  of 
vermin.  At  the  top  of  the  wall  the  air  space  communicates  with  the 
space  between  the  roof  sheathing  and  plastering  by  a  series  of  open- 
ings corresponding  with  the  lower  ones.  The  walls  are  15  feet  high 
in  the  clear  from  top  of  floor.  The  floors  are  laid  with  best  quality 
Carolina  pine  boards,  in  very  narrow  widths,  tongued  and  grooved, 
and  put  together  with  white  lead,  so  as  to  make  a  thoroughly  water- 
tight job,  the  spaces  between  the  joists  underneath  being  boxed  and 
filled  in  with  mortar  concrete  close  up  to  the  flooring.  The  windows 
are  made  of  double  glass,  with  an  air  space  of  J  inch  between  them. 
Each  window  has  an  upper  and  lower  sash,  that  may  be  raised  or 
lowered,  and  a  swinging  transome  above.  The  window  sills  are  of 
slate.  Under  each  window  in  the  inner  face  of  the  wall  an  opening 
is  made  communicating  with  the  inner  air  space  of  brick  work  and 
fitted  with  a  register  that  may  be  opened  or  shut  as  desired.  The 
ward  room  ceiling  is  finished  off  on  the  slope  of  the  roof  and  is  pro- 
vided with  a  ridge  ventilation  for  its  whole  length.  Small  openings 
are  made  up  under  the  ridge  ventilators  into  the  space  between  the 
plaster  and  sheathing  about  every  12  feet,  so  as  to  allow  of  circula- 
tion of  air  through  the  entire  air  spaces  of  wall  from  the  previously 
mentioned  openings  below.     The  ceilings   of  the  other  rooms  are 
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horizontal  and  at  a  height  of  15  feet  from  the  floor.  All  of  the  inside 
doors  except  the  one  to  the  water-closet  have  transomes,  swung  on 
centres. 

The  plastering  is  in  three  coats,  troweled  down  to  a  thoroughly 
smooth  hard  finish,  and  as  soon  as  perfectly  dry  in  every  respect  it 
will  be  painted. 

The  roof  is  covered  with  slate. 

In  finishing  up  the  interior  work  especial  care  has  been  taken  to 
make  everything  as  plain  as  possible;  no  mouldings,  no  grooves  or 
ledges  to  catch  and  hold  dust,  but  every  necessary  projection  rounded 
off"  and  made  smooth.  The  doors  are  not  paneled  but  are  made  per- 
fectly plain,  of  tongued  and  grooved  boards  in  two  thicknesses,  with- 
out beads.  The  plastering  has  been  rounded  at  the  ceilings,  the 
windows,  the  angles  of  the  rooms,  etc.,  there  being  no  sharp  corners. 
It  is  finished  at  the  bottom  next  to  the  floor  in  Portland  cement,  and 
there  are  no  washboards.  All  of  the  inside  woodwork  is  rubbed  down 
smooth  and  finished  with  linseed  oil  and  shellac.  The  floor  is  oiled 
in  two  coats  linseed  oil  well  rubbed  in. 

A  small  range  is  placed  in  the  special  diet  kitchen,  and  has  con- 
nected with  it  a  large  circulating  galvanized  iron  boiler  to  supply 
bath  tubs  with  hot  water. 

The  building  is  heated  by  a  hot  water  circulating  apparatus. 

A  small  cellar  is  placed  in  the  southeast  corner  of  the  building, 
under  the  sitting-room,  and  also  one  in  the  northwest  corner  under 
the  operating  room,  each  being  16  feet  square.  In  each  of  them  a 
boiler  will  be  placed,  with  radiating  pipes  carried  through  the  different 
rooms.  Four  open  grates  are  placed  in  the  four  corners  of  the  main 
ward,  entirely  for  ventilating  purposes. 

The  plans  were  prepared  by  the  Engineer  and  Architect,  under  the 
direction  of  the  Building  Committee,  the  gentlemen  who  composed  it 
being  indefatigable  and  enthusiastic  on  the  system  adopted,  and  any 
merits  the  plan  may  possess  are  justly  due  to  them. 
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NEW  PROCESSES  IN  PROXIMATE  GAS-ANALYSIS. 


By  Professor  Henry  Wurtz,  of  New  York. 


[  Communicated   in  part,    ivith  Experimeyital  Il/iistrations,    to  the    American    Gas-Light 
Association,  October  22,  1874.] 


(Continued  from  Volume  Ixix,  page  155.  j 

The  soda-pencils  are  cracked  up,  a  few  at  a  time,  by  gentle  blows 
in  a  mortar,  to  lengths  of  from  '5  to  '1  inch.  This  is  very  rapidly 
and  easily  effected ;  but  still  a  film  of  moisture  is  absorbed  ;  and  I 
have  found  that  desiccated  gas  will  then  take  up  from  it  a  trace  of 
water.  The  precaution  is  therefore  taken  to  append  a  small  CaCl  tube 
to  the  second  of  the  two,  M.  This  may  be  avoided  if  the  Prepara- 
tory Train,  Fig.  2,  be  employed  to  dry  out  these  soda-tubes,  before 
their  initial  weighing. 

The  Meter  and  the  Measurement  Thereby. — This  most  essential 
operation  of  all,  is  effected  with  every  precaution  to  insure  known 
conditions  of  the  residual  gas.  In  the  case  represented  in  Fig.  1,  it 
is  to  be  understood  that  a  dry  meter  is  used  to  measure  the  gas  as 
absolutely  freed  from  moisture,  and  at,  or  as  close  as  possible  to,  the 
temperature  of  melting  ice.  Within  N,  filled  with  cracked  ice,  is 
coiled  some  feet  of  rubber  tubing — well  glycerated  internally — and 
the  meter  is  enclosed — leaving  the  dial  exposed — in  an  outer  casing, 
not  here  shown,  filled  with  feathers,  or  better,  with  ice.  In  an  emer- 
gency, muffling  the  meter  in  blankets  has  been  resorted  to. 

The  meters  used  must  of  course  be  most  carefully  tested  and  their 
average  errors  determined  and  taken  note  of.  Space  cannot,  unfor- 
tunately, be  here  spared  to  explain  the  modes  of  effecting  this.  As 
it  may  often  be  necessary  to  use  wet  meters,  like  those  usually  found 
in  photometric  rooms,  I  have  represented  in  Fig.  4  a  modified  mode 
of  measurement,  which  admits  of  such  use.  Here  also  the  whole 
meter,  except  the  dial,  ought  to  be  protected,  as  before,  from  external 
warmth. 
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It  will  be  readily  understood  that  when  the  photometric  meter — 
which  usually  registers  but  four  feet  in  one  revolution — must  be 
employed,  appropriate  measures  must  be  taken  to  mark,  or  to  verify 
in  some  sure  way,  the  number  of  revolutions,  when  these  are  de- 
sired, or  are  likely  to  exceed  two  revolutions  in  all.  In  Fig.  1,  as  I 
ought  further  to  explain  in  this  place,  the  eduction-tube  0,  which  is 
the  prolongation  of  the  coil  in  N,  passes  to  the  inlet-aperture  of  a  dry 
meter,  and  not,  as  in  Fig.  4  below,  to  the  rear  of  a  wet-meter  drum. 

11.  Of  the  Preparatory  Train.    (Fig.  2.) 

This  is  employed  in  the  initial  drying-out  of  the  apparatus,  pre- 
paratory to  the  first  weighings ;  and  also  for  the  final  completing  of 
the  separation  preparatory  to  the  last  weighings  ;  in  the  latter  case, 
by  the  distilling  or  transferring  over,  in  a  current  of  pure  dry  gas, 
of  the  liquids  that  condense,  by  mere  refrigeration  and  adhesion,  in 
the  first  tubes. 

It  is  made  up  as  follows :  Stop  cock  A,  in  an  induction-tube  from 
any  service-pipe  bringing  street-gas  ;  test-tube  B  with  inlet-tube  pass- 
ing to  its  bottom,  which  contains  a  strip  of  turmeric  paper,  to  indi- 
cate (qualitatively)  ammonia  ;  two  U-tubes  C  and  D,  containing  re- 
spectively granulated  fused  bisulphate  of  potash  and  granulated  blue 
vitriol ;  a  second  test-tube  E,  containing  slips  of  both  turmeric  and 
lead-paper,  to  demonstrate  the  complete  removal  by  D  and  E  of  the 
IIS  and  NH'^  (the  latter  by  comparison  with  the  turmeric  paper  in 
B);  a  CaCl  tube  F :  and  a  sodic  hydrate  tube  H  (of  large  dimen- 
sions, as  shown,  in  cases  where  the  street-gas,  through  irou-pui'ifica- 
tion  or  otherwise,  contains  very  much  C  O'y  [B,  in  this  train,  is  not 
at  all  essential.] 

In  this  figure  the  Preparatory  Train  is  represented  as  attached  to 
the  first  compound  member  (marked  A')  of  the  train  for  analysis  of 
purified  gas,  shown  in  Fig.  4.  In  Fig.  3,  H  represents  the  final 
member  of  the  preparatory  train ;  showing  its  connection  with  the 
train  in  Fig.  1,  during  the  distillation  preparatory  to  the  final 
weighings. 

It  may  be  stated  that  this  preparatory  train  being  required  only 
to  furnish  a  current  of  gas  free  from  moisture  and  impurities,  it  is 
obvious  that  the  current  that  issues  from  one  analytical  train  while  in 
operation,  is  suitable  for  the  preparation,  for  either  initial  or  final 
weighings,    of    another   analytical  train,  and  that  this  circumstance 
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will  at  times  be  available,  and  lead  to  saving  of  trouble  in  transpor. 
tation  and  erection  of  apparatus. 

Another  important  point  of  practice  with  the  preparatory  train, 
demands  a  few  words.  Its  union  with  the  analytical  train  represented 
in  Fig.  1,  makes  a  long  and  very  tortuous  passage  for  the  gas,  which 
necessitates  an  important  pressure  to  force  a  rate  of  flow  sufficient 
for  rapid  work.  This  is  very  liable  to  cause  difficulty,  with  street- 
gas,  particularly  during  the  midday  hours.  It  will  therefore  often  be 
advisable  to  arrange  so  as  to  conduct  preparatory  operations  during 
the  night  hours.  Cases  occur  in  which  special  expedients  may  be 
necesjiary  to  procure  a  sufficient  flow.  A  small  gas-holder,  when 
available,  may  be  used.  The  pressure  in  the  mains  between  the  ex- 
hauster and  the  purifiers  will  always  be  ample  to  force  one  or  even  two 
cubic  feet  per  hour  through  almost  any  length  of  (unobstructed) 
train;  but  in  this  case  it  must  be  remembered  that  the  preparatory 
train  should  possess  an  extra  size  and  power,  and  be  properly  propor- 
tioned, to  take  out  the  large  proportion  of  impurities  present;  for  if 
a  preparatory  train  left  working  with  an  analytical  train  overnight 
should  become  fouled,  of  course  the  whole  apparatus  would  be  liable 
to  be  rendered  useless,  and  the  whole  time  and  labor  be  lost 

It  may  be  sc^trcely  necessary  to  suggest  that  for  these  preparatory 
operations,  coal-gas  is  used  only  for  conveni  nee,  With  a  holder,  or 
an  aspirator,  a  stream  of  air^  similarly  freed  from  water,  ammonia, 
carbonic  acid,  etc.,  is  generally  equally  applicable,  and  when  the 
pressure  has  to  be  assisted,  we  may  in  most  cases  just  as  well  use 
air,  if  we  have  the  apidiances, 

III.  Of  Till-:  Gknehal  Manipulations  with  Crude  Coal-Gas. 

In  addition  to  the  detnil.^  which  have  been  ffiven  when  describing 
singly  the  ineinbers  of  tlu;  train  in  P'ig.  1,  further  explanations  are 
needed,  especially  wiili  rejrard  to  the  apjdication  of  the  preparatory 
train  ther<'to.  In  the  [)r(lirniM:irv  p.-cparations  for  the  initial  weigh- 
ings, it  it  uimccessai  V.  wiiii  tiie  arrangement  as  here  represented,  to 
atti  ch  more  than  the  first  diur  pieces,  to  and  including  the  bisul- 
phate  tube  G,  for  reasons  which  will  be  obvious  without  explanation. 
Some  five  or  .-i\  ciiliic  feet  of  gas  transmitted  from  a  preparatory 
train,  will  dry  out  these  first  four  mciiihers  sufficiently  to  allow  of 
corre(!t  weijliini.'.  This  will  be  accomplished  by  setting  and  keeping 
the  apparatus  at  work  during  one  night,  say  from  5  P.  M.  till  8  A.M., 
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or  15  hours,  at  the  rate  of  about  0-3  or  0  4  foot  per  hour.  The 
rate  of  flow  is  readily  regulated  by  a  few  observations,  of  ten  min- 
utes each,  of  a  meter  at  the  tail  of  any  train.  A  little  practice  en- 
ables the  rate  to  be  judged  of  closely  enough,  by  the  size  of  the 
flame  burning  from  a  small  straight  glass  tube  at  the  tail  of  the  ap- 
paratus, as  shown  in  Fig.  4. 

The  preparation  for  the  final  weighings  is  here  the  important  part, 
and  indeed  the  only  troublesome  part  of  this  analysis.     Fig.  3  repre- 


Suppleinentary  Arrangement  for  Completion  of  Process  in  the  Train,  shown  by  Fig.   1. 

sents,  as  aforesaid,  the  mode  of  attaching  the  preparatory  train  to 
Fig.  1,  for  this  final  operation,  or  rather  succession  of  operations.  D 
here  represents  a  new  tube  introduced  at  this  time,  which  is  an  ordi- 
nary form  of  CaCl  tube,  but  having  its  smaller  extremity  bent  at  an 
obtuse  angle,  as  shown,  and  which  contains  near  its  upper  end  a  slip 
of  turmeric  paper,  and  has,  moreover,  running  through  it  from  end  to 
end,  and  projecting  an  inch  at  each  end,  a  small  flexible  copper  wire  ; 
the  object  of  which  latter  is  to  clear  a  passage  through  the  crystals 
of  naphthaline  which  condense  in  this  tube  at  a  subsequent  stage  of 
operations.* 

*  This  wire  should  have  been  shown  more  distinctly  in  the  cut,  but  this  is  only  one 
of  several  nnfortiinate  defects  in  these  cuts. — H.  W. 
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After  this  disposition  of  the  apparatus  has  been  made — D  having 
been  of  course  weighed  with  its  appendaj^es,  and  the  jar  of  ice  N 
(which  is  no  longer  of  use)  removed,  the  meter  being  connected 
directly  with  M — the  first  step  is  to  distill  over,  at  a  very  low  tem- 
perature (unless  saving  of  time  is  important,  at  ordinary  temperatures) 
in  the  current  of  gas  from  the  preparatory  train — which  generally  in 
this  case  may  flow  even  as  rapidly  as  two  feet  per  hour — all  the  vol- 
atile ammonic  carbonate  and  sulphohydrate  that  has  condensed  in 
the  flask  C  and  cotton  tubes  E  and  F.  The  volume  of  gas  required 
to  effect  this  may  be  double  (or  even  more)  that  from  which  the  liquid 
was  condensed.  It  ought  to  have  been  stated  that  the  total  amount 
of  crude  gas  analyzed  by  this  apparatus  should  not  exceed  ten  cubic 
feet.  This  volume  is  within  the  limits  of  manageability,  but  ^rener- 
ally  somewhat  less  is  probably  advisable.  With  a  rapid  current  of 
gas,  this  complete  transfer  of  the  volatile  ammonia-compounds  will 
be  found  to  have  been  eff'ected  during  15  or  18  hours  ;  but  sometimes 
more  time  is  required ;  and  it  is  better  to  allow  24  hours  for  this  part 
of  the  process.  If  an  attempt  to  hasten  it  is  made,  by  immersion  of 
the  flask  in  warm  water,  constant  watching  is  necessary,  as  naphtha- 
line then  enters  upon  the  scene,  and  may  at  once  clog  up  all  passage. 
The  complete  transfer  of  the  ammonia  is  indicated  by  the  return  of 
the  slip  of  turmeric-paper  to  its  natural  color.  As,  in  my  experience 
so  far,  this  liquid  always  contains  chloride  of  ammonium,  and  possi- 
bly sulphite  and  other  non-volatile  ammonia  salts,  those  who  wish  to 
transfer  all  the  ammonia  to  thebisulphate-tube  G,  must  introduce  into 
the  flask  a  weighed  quantity  of  dry  hydrate  of  soda. 

When  the  ammonia-transfer  has  been  completed,  the  flask  (J  is  im- 
mersed— the  gas-current  being  continued — in  water  sufficiently  hot  ta 
volatilize  the  naphthaline,  which  will  condense  in  crystalline  form, 
together  with  water,  in  the  tube  D.  The  wire  running  through  I> 
now  comes  into  play;  and.  in  fact,  without  it,  naphthaline  would  here 
become  as  great  a  cause  of  difficulty  as  it  often  does  in  the  distribu- 
tion of  coal  gas.  When  clogging  occurs,  the  gas-current  is  stopped, 
the  rubber  connector  between  D  and  E  detached,  and  the  wire  moved 
up  and  down  or  twisted  round.  With  careful  management,  two  hours 
work  and  some  two  feet  of  gas  from  the  preparatory  train,  will  suffice 
to  transfer  the  naphthaline  to  D,  which  is  then  detached  and  weighed 
again.  To  remove  the  intermixed  water  from  the  naphthaline,  the 
lower  end  of  D  is  stopped,  the  cork  and  tube  removed  from  the  upper 
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end,  the  wire  coiled  within,  and  this  upper  end  connected  by  a  wide 
short  rubber-connector  with  the  open  end  of  a  test  tube  containing 
some  granulated  CaCl.  When  dry,  the  cork  and  tube  are  restored,  the 
stopper  removed,  and  the  weight  again  ascertained  ;  the  variation  now 
from  the  first  weight  is  the  naphthaline,  so  far  as  it  can  be  saved  by  this 
mode;  which  of  course  is  imperfect,  but  is  the  best  that  I, have  so 
far  succeeded  in  devising.* 

The  flask  C,  still  containing  tar  and  water  is  then  removed  like- 
wise from  the  arrangement — the  stoppers  DD  (Fig.  1.)  being  applied 
— and  then  H  of  the  preparatory  train  is  connected  directly  with  the 
first  cotton- tube  E  ;  the  gas-flow  being  resumed.  Some  five  feet  more 
of  dry  gas  may  be  now  required  to  transfer  all  the  moisture  to  the 
CaCl  tube  between  G  and  H  (omitted  from  the  cut.)  The  water  and 
tar  in  the  flask  C  must  be  separated  by  careful  distillation  at  a  very 
moderate  temperature,  and  in  estimating  the  weight  of  the  residual 
tar,  account  must  be  taken  of  the  sodic  hydrate  that  was  added,  as 
above,  to  eliminate  the  fixed  ammonia. 

The  point  at  which  the  whole  train  becomes  dry  and  ready  for  the 
final  weicrhings,  is  readily  perceived  by  a  practiced  eye.  One  indica- 
tion is  a  faint  superficial  whitening  of  some  unaltered  blue  granules 
(if  any)  of  cupric  sulphate  in  the  tube  HJ.  Several  other  indications 
might  also  be  cited. 

IV.     Of  the  General  Manipulations  with  Purified  Coal-Gas. 

Fig.  4  represents  a  very  complete  train  for  this  purpose.  As  the 
suspended  matter  here  is  absent  or  trifling  in  amount,  and  the  am- 
monia usually  very  small,  A  represents  a  combined  arrangement  for 
takin<^  up  both  these.  The  first  or  right  hand  U-tube  is  loosely  filled 
with  cotton,  the  second  one  with  granular  bisulphate.  E  contains 
two  slips,  of  turmeric  and  red  litmus  paper,  to  verify  the  perfect  ef- 
ficiency of  the  bisulphate.  F  contains  granulated  cupric  sulpliate 
crvstals.  G  is  CaCl.  H  is  sodic  hydrate,  with  a  small  CaCl-tube 
appended.  Tlie  arrangement  KL,  for  determining  oxygen,  requires 
special  explanation.  K  contains  glass  beads  or  broken-up  ^lass  lod, 
wet  with  a  concentrated  solution  of  pyrogallol  in  previously-boilfd 
water.  -  L  contains  CaCl.     As,   in  order  that  the  pyrogallol  should 


*  Since  the  above  was  first  presented  to  the  Gas-light  Associalion,  T  have  discovered 
that  very  appreciable  additional  traces  of  naphthaline  condense, and  remain  throngh- 
out  the  final  desiccation,  in  tlie  cotton-tubes  Vj  and  F,  and  have  theieforc  been  rated 
as  solid  matter  mechanically  suspended. — II.  W. 
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take  up  the  oxygen,  there  must  be  an  alkali  present,  the  following 
special  course  is  adopted  for  preparing  KL  for  initial  weighing  and 
introduction  into  the  train.  K  is  immersed,  L  being  detached  lor  the 
time,  in  snow  and  salt;  and  connected  with  a  flask  like  C  in  Fig.  1, 
containing  some  of  the  strongest  liquid  ammonia.  A  current  of  com- 
mon street  gns  is  then  directed  first  into  the  ammonia  flask,  then 
through  K.  The  former  is  warmed,  and  the  as  gas,  it  issues  from  the 
latter,  lighted.  The  point  of  saturation  of  the  contents  of  K  with 
NH^  will  be  indicated  by  a  change  in  the  character  of  the  flame. 
The  ammonia-flask  is  then  detached,  K  being  simultaneously — to  pre- 
vent ingress  of  air — attached  to  J,  L  replaced,  and  the  whole  put  in 
position. 

A,  in  connection  with  E,  is  also  dried  out  before  initial  weighing 
of  the  former,  by  a  current  from  the  Preparatory  Train ;  this  opera- 
tion being  greatly  accelerated  in  this  case,  by  immersion  of  A  in  the 
boiling  water  in  B,  which  is  raised  up  and  hung,  for  this  purpose,  on 
the  little  wire  pothook  D.  It  is  to  be  observed  that  the  two  tubes  in 
A  are  weighed  separately,  and  not  together  ;  and  to  avoid  hygroscopic 
moisture,  cooled  and  enclosed  while  weighing,  in  close  boxes  of  sheet- 
brass  or  tin.  The  members  of  this  train  G,  H,  and  P  require  no 
preparatory  desiccation  before  weighing. 

With  reference  to  the  tube  P,  a  special  remark  should  be  made. 
The  hygrometric  equilibria  of  the  cupric  sulphate  in  the  aerial  and 
the  gaseous  media  respectively,  may  appreciably  vary,  even  at  the 
same  temperature.  A  safe  plan,  therefore,  before  initial  weighing  of 
this  tube,  will  be  to  pass  through  it  a  current  of  the  gas  to  be  anal- 
yzed, for  a  few  minutes.  This  will  serve  also  as  a  useful  qualitative 
test,  in  advance,  of  the  amount  of  H  S  present. 

When  the  H  S  is  very  minute,  as  it  should  be  in  a  well-purified 
street-gas,  there  is  another  method  available,  which  I  have  often  used, 
and  which  may  be  preferred,  as  surer.  I  find  if  the  granulated  blue- 
vitriol  be  spread  out  in  a  gentle  sand-bath  heat,  for  some  days,  it  loses 
most  of  its  water,  turning  white  and  chalk-like,  without  falling  to 
powder,  and  will  now  still  absorb  II  S  readily,  even  though  the  latter 
be  absolutely  dry.  If  F  be  charged  with  such  dehydrated  cupric 
sulphatCj  it  may  be  introduced  after  the  CaCl-tube  G,  instead  of 
before,  and  will  there  absorb  from  the  gas  only  H  S.  If  it  has  lost 
as  much  as  three-fifths  of  its  water,  it  will  not  impart  any  moisture 
to  the  gas  at  ordinary  temperatures. 

(To  be  Continued.) 
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By  ?.  P.  PoiNiER,  Post  Graduate  Course,  Stev.  Ins.  Tech.,  Hoboken. 


It  has  long  been  admitted  by  engineers  that  when  high  rates  of 
expansion  are  used  the  steam  jacket  effects  a  saving  of  fuel.  The 
most  plausible  theory  advanced  to  account  for  this  saving  is,  that  the 
hot  steam  in  the  jacket  prevents  in  a  measure  that  cooling  of  the 
cylinder  indirectly  due  to  the  work  performed.  The  details  of  this 
theory  are  of  course  familiar  to  all  engineers,  the  most  important 
supposition  being,  that  just  enough  heat  is  furnished  by  the  jacket  to 
prevent  any  of  the  expanding  steam  from  liquefying,  and  the  argu- 
ment alleged  in  its  support,  that  wet  steam  is  a  very  good,  while  dry 
steam  is  a  very  poor  conductor  of  heat. 

Whatever  may  be  the  defects  of  this  theory,  it  seems  to  be  the 
most  generally  accepted  one ;  in  comparing,  therefore,  the  experi- 
mental saving  with  that  deduced  from  this  theory,  the  quantity  to  be 
calculated  is  the  amount  of  heat  necessary  to  prevent  a  certain  quan- 
tity of  saturated  steam,  expanding  between  given  limits,  from  lique- 
faction. 

The  fundamental  fact,  that,  steam  expanding  in  a  cylinder  without 
receiving  or  emitting  heat  would  undergo  liquefaction  in  consequence 
of  the  external  work  performed  was  first  definitely  signaled  by  Pro- 
fessor Rankine. 

In  a  paper  read  before  the  Royal  Society  of  Edinburgh,  on  the  4th 
of  Feb.,  1850,  he  gave  the  following  formula  for  the  apparent  spe- 
cific heat  of  saturated  vapor  : 

K.=  _—  (—-\-\  —  -t—^l\  numbered     (30) 
in  which  C  denotes  the  absolute  temperature  of  melting  ice,  i.  e.,  273° 

[*We  have  received  the  accompanying  paper  from  Prof.  Thurston  with  a  memoran- 
dum to  the  effect  that  the  treatment  so  neatly  carried  out  by  the  author,  gives  the 
reader  of  Thenno-dynamics  a  new  and  very  convenient  expression  which  may  be  used 
in  deducing  the  amount  and  eflect  of  condensation  within  the  steam  cylinder  due  to 
the  expenditure  of  energy.  This,likethe  paper  of  Mr.  Henderson,  Class  of '74,  is  sup- 
plementary to  a  portion  of  the  work  of  Rankine  and  Clausius,  and  not  merely  a  uew 
rendering  of  old  methods. 

The  value  of  such  new  conceptions  and  methods  in  the  science  of  Thermo-dynamics 
is  a  sufficient  excuse  for  its  publication,  and  one  which  will  be  appreciated  even  by 
non-mathematical  readers.— Eu.j  • 
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Cent.,  493-2°  Fahr.,  n  the  number  of  molecules  of  the  substance 
■which  occupy  unity  of  volume  under  standard  pressure,  when  in  the 
state  of  perfect  gas  ;    M  the  "  total  mass  of  one  molecule  ;"  N  such  a 

quantity  that  — — =  3S;,  the  actual  specific  heat  of  the  substance 

in  the  state  of  perfect  gas ;  and  /3^  and  y^  constants  entering  the 
expression, 

r  being  the  absolute  temperature  on  the  air  thermometer. 

Immediately  afterward  he  wrote  : 

"  For  the  vapors  of  which  the  properties  are  known,  the  negative 
terms  of  this  expression  exceed  the  positive,  at  all  ordinary  tempera- 
tures, so  that  the  kind  of  apparent  specific  heat  now  under  considera- 
tion is  a  negative  quantity."* 

While  this  formula  is  less  adapted  to  computation  than  some  that 
have  since  been  proposed,  it  is  still  of  historic  interest  as  having  been 
the  original  expression  of  an  important  discovery. 

A  month  later  Clausius  publishedf  his  first  memoire  on  the  "  Mov- 
ing Force  of  Heat."  Applying  first  the  law  of  Mayer  and  Joule, 
and  then  the  principle  of  Carnot,  he  established  the  two  following 
equations : 

^  +  C  —  h  =  A(s  —  ^^^  numbered  III. 

dr  'dr 

and^+C  — h  =  ^  numbered  (32). 

dr  T 

In  these  equations  r  represents  the  latent  heat  of  evaporation  of 
the  substance  ;  C  the  specific  heat  of  the  liquid ;  h  the  specific  heat 
of  the  saturated  vapor,  corresponding  to  Rankine's  K, ;  A  the  thermal 
equivalent  of  energy,  that  is  1-424  in  French,  or  1-772  in  English  units ; 
p  the  normal  pressure  per  unit  of  surface,  and  (s  —  a)  the  increase  of 
volume  accompanying  evaporation,  which,  in  the  case  of  water,  may 
without  Sensible  error  be  written  v,  the  total  variable  volume. 

Equation  III  embodies  a  method  which  is  suggested  by  an  equa- 
tion in  Rankine's  Steam  Engine  and  other  Prime  Movers,  although 


*Tran8.  R^y.  Soc.  Edin.  vol.  xx,  p.  171. 

+PoggendorflPs  Annalen,  1850,  series  iii,  vol.  xix,  p.  368. 
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no  direct  reference  is  there  made  to  it.*  The  simplest  method,  how- 
ever, of  calculating  h  or  K,,  when  the  limits  are  given  as  tempera- 
tures, is  derived  by  means  of  the  principle  of  Carnot,  for  in  a  "  Car- 
not's  cycle." 

dr 
and  also  when  a  liquid  is  evaporated  at   constant  temperatures  the 
whole  of  the  transfer  of  heat  takes  place  at  this  temperature,  and  the 
pressure  also  remains  constant,  so  that 

dr  dr 

but  in  general 

AQ  =  A(AI+AW), 

1  denoting  internal  energy,  and  W  external  Avork  performed,  so  that 

^    dr  ^        z 

In  the  case  of  water   I  -f  W  has   been  determined   by  Regnault 
experimentally,  the  result  being 

A(I  4- W)  =  606-5  —  0-695T  —  0-00002T-—  O-OOOOOSTl 
To  simplify  this  expression  Clausius  has  proposed  writing 

A(I+W)=607  — 0-708T, 
which  would  give 

A  fy^d-  =  607  log,  II  —  -708(7 —To)  +  193-3  log.Il 

'0 

=  800-3  log,^  —  -708(ri  —  rj. 
Solving  now  equation  III,  for  h  we  find 

dr  r 

which,  recollecting  that  A(I-rW)  =  r  when  r  is  constant,  we  see  is 
identical  with  (32)  so  that  finally 

*h,lr  =  _  800-3  log,^  +  l-013(ri—  rj. 


/ 


r„ 


*Rankine's  Steam  Engine  and  other  Priiue  Movers,  p.  iUU,  ihi-  12. 
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and  when  common  logarithms  are  used, 

rhdT  =  — 1842-8  loga-^+l-013(ri  — r,) 

J  To 

This  quantity    I  hdr  represents  then  the   quantity  of  heat  which 

must  he  transferred,  in  order  that  the  temperature  of  a  unit 
of  weight  of  saturative  steam  may  be  changed  from  the  temperature 
Tq  to  r^  cent,  degrees.  It  includes  not  only  the  heat  equivalent  of 
the  variation  in  internal  energy,  but  that  of  the  external  work  while 
the  saturated  state  is  continually  maintained. 

For  absolute  temperatures  ia  Fahrenheit  degrees  and  when  foot 
pounds  per  pound  of  steam,  instead  of  calories  are  involved,  the  last 
formula  becomes : 


-2563522  log,  -^-  +  783  (r^  —  r,). 

To 


But  the  independent  variable  is,  in  this  formula,  absolute  tempera- 
ture, and  were  the  initial  and  final  states  determined  by  observations 
on  pressure,  which  is  nearly  always  the  case  in  actual  practice,  the 
temperatures  corresponding  to  the  observed  pressures  would  have  to 
be  first  obtained,  either  by  means  of  a  table  or  by  substitution  in  a 
formula  quite  as  complex  as  the  one  just  given ;  after  which  the 
operations  above  indicated  would  then  have  to  be  performed.  It  has 
therefore  appeared  to  me  desirable  to  obtain  a  formula  which  would 

allow  of  the  direct  computation  of  I  hdr  in  terms  of  pressures. 

Taking  the  difi"erential  coefficient  with  reference  to  t,  of  the  gen- 
eral thermo-dynamic  expression  for  the  internal  energy  from  some 
standard  value  U,,,  we  have  in  the  case  of  water  and  steam : 

x  =  l 
dU  d     Tg/dpdy dp  dv\ 

Tr  ""  ^  +  d?  -^  ^n  V  d^  ■r  dT      d^  r  d^  j  ^^' 
x  =  0 

in  which  if  we  make  x^v,  vfe  obtain,  without  material  error : 

'J£  =  C  +  iL(r' ^  E  )  .  =  C  +  ^(^4  -  p.) 
dr  dr^      dzT  ^  dr^      dr  / 
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the   expression  for  the   variation   of  internal  energy  of  the  water  in 
the  state  of  saturated  vapor. 

The  corresponding  variation  of  external  Avork  is 

dy  J 
— p  _  dr. 

The  thermal  equivalent  of  these  two  quantities  will  moreover  con- 
stitute the  entire  transfer  of  heat  involved,  so  that  we  may  write : 

rLQdr=  fCdr  +  A  't^Tv'^nr-K  fl  (p.)dr-A  f  p^dr 
J  dr  J  J  dr       dr  J  dr  J       dr 


The  first  two  terms  of  the  second  member  of  this  equation  consti- 
tute the  total  heat  of  evaporation  of  the  liquid  from  the  temperature 
r„  at  r,. 

The  experiments  of  Fairbairn  and  Tate*  upon  saturated  steam 
have  shown  that  for  temperatures  not  greatly  exceeding  288°  Fahr., 
the  specific  volume  of  saturated  steam  may  be  approximately  ex- 
pressed by  the  equation  : 

V  =  '^o-ee  +  1257605 

p  +  18-29 

p  being  expressed  in  millimeters  of  mercury.     Substituting  a,  b,  and 
c  respectively  for  the  constants  involved,  we  obtain : 

dv  =  --^^ 
(p  +  cf 
whence 


fpdv  =  r=:MP=_b_P_  _  b  log,  fp  + 


c,  = 


(P  +  c)^      (p  +  c) 
p  (v_a)  — b  log,  (p  +  c)   f  c,. 

The  corresponding  pressures  being  substituted  for  the  limits  of  the 
definite  integrals,  and  writing  H^,  for  the  total  heats  of  evaporation  in 
foot  pounds  at  the  corresponding  pressures,  we  find  finally : 

]'•  hd.  =  J^dp  =  II,,  -  H„ -[a  (p,  -  p„)  -  b  log.  (E.±p] 

^0  Po 


*Proc.  Roy.  Soc,  Vol.  150,  18G0,   p.   185.     Fairbuirn,  Mills  and  Mill-work,  Vol.  i, 
p.  220. 


232 


Chemistry,  Physics^  Technology,  etc. 


When  we  adopt  the  pound,  square  foot  and  Fahrenheit  degree,  as 
our  units,  the  values  of  a,  b,  and  c  become  the  following  : 

a  =  0-4104.  Loga  =  T-6132145 

for  hyp.  log's       b  =  56098-7.  Log  b  =  4-7489528 

forBriggs'  log's  b  =  129173.  Log  b  =  51111713 

c  =  50-93+  Logo  =  1-7069869. 

So  that  for  the  specific  heat  of  one  pound  of  saturated  steam, 
sometimes  called  latent  heat  of  expansion,  we  have  the  formula  in 
foot  pounds  : 


/Mr  =  jf^-9dp  =  H^,-H    +  0-4104  (p„-p,) 


Po 


129173  log  (^t:^l"5?^) 
°  ^Pi+  50-93^ 

To  facilitate  calculation  by  this  formula,  I  have  computed  the  fol- 
lowing table  of  approximate  values  of  H^,  on  the  basis  of  1  calorie 
equal  to  424  kilogrammeters  ;  whose  approximativeness  may  be 
taken  as  about  that  of  the  experiments  of  Fairbairn  and  Tate,  for 
which  they  were  adapted. 

Table. 


T^bs.  per 
qnare  inch 

Lbs.  per 
square  foot 

Hp 

Lbs.  per 
square  inch 

Lbs.  per 
square  foot 

Hp 

5 

720 

874425 

75 

10800 

908614 

10 

1440 

881711 

80 

11520 

909658 

15 

2160 

886369 

85 

12240 

910647 

20 

2880 

889882 

90 

12960 

911597 

25 

3600 

892708 

95 

13680 

912505 

30 

4320 

895126 

100 

14400 

91.3471 

35 

5040 

897248 

105 

15120 

914206 

40 

5760 

899110 

110 

15840 

915013 

45 

6480 

900816 

115 

16560 

915789 

50 

7200 

902.356 

120 

17280 

916536 

55 

7920 

903786 

125 

18000 

917261 

60 

^  8640 

905080 

130 

18720 

917966 

65 

9360 

906349 

135 

19440 

918649 

70 

10080 

907616 

HoBOKEN,  N.  J.,  March  7,  1875. 
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EDITORIAL. 


ITEMS  AND  NOVELTIES. 

The  New  Method  of  Electric  Illumination. — Dr.  Wilde,  a 
member  of  the  Academy  of  Sciences  of  St.  Petersburg,  and  Director 
of  the  Central  Physical  Observatory,  has  recently  made  a  report  to 
the  Academy  upon  the  new  mode  of  producing  the  electric  light  pro- 
posed by  M.  Ladyguin,  of  that  city.  Since  the  discovery  of  the 
voltaic  arc  in  1821  by  Davy,  many  attempts  have  been  made  to  utilize 
it  practically  for  illumination.  But  in  spite  of  the  regulators  devised 
for  the  purpose,  it  still  remains  variable  and  inconstant ;  being  too 
intense  use<l  at  a  single  point,  it  is  yet  incapable  of  division.  Since 
the  improved  magneto-electric  machines  have  reduced  the  cost  of  the 
electric  light  to  only  one-third  that  of  coal  gas,  these  efforts  to  utilize 
it  have  been  redoubled.  And,  as  a  result,  M.  Lad3-guin  has  made  an 
invention  which,  in  a  very  simple  way,  resolves  both  problems,  ren- 
dering the  light  steady,  and  at  the  same  time  capable  of  division.  It 
has  long  been  known  that  the  electric  light  proper  comes  from  the 
intensely  heated  carbons  which  the  current  traverses,  the  resistance 
of  the  air  between  them  developing  this  heat.  So  the  resistance  of  a 
platinum  wire  placed  in  circuit'causes  it  to  be  highly  heated;  but  the 
light  thus  obtained,  though  constant,  and  entirely  controllable,  is  too 
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feeble  for  practical  use.  M.  Ladyguin  has  conceived  the  idea  of 
replacing  the  platinum  wire  in  this  experiment  by  a  thin  rod  of  gas 
carbon  ;  and  with  complete  success.  Carbon  possesses,  even  at  the 
same  temperature,  a  much  greater  light-radiatir)g  power  than  phitinum  ; 
its  calorific  capacity  is  less  than  one-half  that  of  platinum  ;  it  is, 
moreover,  a  sufficiently  good  conductor  of  heat;  so  that  the  same 
quantity  of  heat  elevates  the  temperature  of  a  small  rod  of  carbon 
to  nearly  double  that  of  a  wire  of  platinum  the  same  size.  Again, 
the  resistance  of  the  carbon  employed  is  250  times  greater  thnn  that 
of  platinum;  hence  it  follows  that  a  rod  of  carbon  may  be  fifteen 
times  as  thick  as  a  wire  of  platinum  the  same  length,  and  yet  be 
heated  by  the  same  current  to  the  same  degree.  Finally,  the  carbon 
may  be  heated  to  the  most  intense  whiteness  without  the  danger  of 
fusion  to  which  platinum  is  liable.  These  are  some  of  the  advantages 
of  carbon  ;  its  only  disadvantage  is,  that  heated  in  air  it  burns,  and 
so  gradually  wastes.  But  M.  Ladyguin  has  happily  obviated  this 
difficulty  by  enclosing  the  rod  of  carbon  in  a  glass  cylinder  containing 
no  oxygen  and  hermetically  sealed.  Dr.  Wilde  asks,  in  conclu.«ion, 
that  the  Academy  recognize  the  fact  that  M.  Ladyguin  has  resolved 
the  grand  problem  of  dividing  and  rendering  steady  the  electric  light, 
in  the  simplest  possible  manner,  and  that  they  award  him,  in  conse- 
quence, the  Lomonossow  prize. 

On  the  Use  of  Copper  Salts  for  Preserving  Wood.— M.  Rot- 
tier,  an  industrial  engineer  and  an  instructor  in  the  University  of 
Ghent,  has  recently  communicated  to  the  Belgian  Academy  of  Sci- 
ences the  results  of  numerous  experiments  which  he  has  made  upon 
the  properties  of  wood  prepared  with  salts  of  copper.  We  translate 
from  the  Revue  Industrielle  the  following  abstract  of  his  paper.  His 
purpose  at  the  outset  was  to  study  the  causes  which  result  in  the  en- 
tire destruction  of  even  prepared  woods  in  a  longer  or  shorter  time, 
and  to  ascertiiin  whether  by  the  emplo}'ment  of  methods  different  from 
those  already  in  use  it  would  not  be  possible  to  increase  considerably 
the  durability  of  wood.  Very  early  in  the  investigation  he  estab- 
lished the  fact  that  the  comparatively  short  time  for  which  copper 
sulphate  preserves  wood  is  due  to  the  small  quantity  which  enters 
into  combination  with  the  cellulose;  this  quantity  being  readily  and 
completely  removed  in  a  short  time.-  Shavings  thoroughly  impreg- 
nated with  a  solution  of  copper  sulphate,  then  washed  in  pure  water 
and  dried,  were  buried  in  rich  garden  mould  and  kept  moist  by  fre- 
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quent  drenclungs  with  rain  water.  In  a  short  time,  the  quantity  of 
copper  sulphate  in  them  was  notably  diminished,  black  spots  appeared 
on  the  .surface  of  the  shavings,  and  they  soon  became  rotten.  The 
copper  sulphate  may  be  removed  either  by  the  presence  of  iron, 
of  certain  saline  solutions,  or  of  carbonic  acid. 

I.  Tiie  first  of  these  causes  was  established  long  ago.  M.  Rottier 
quotes  an  early  experiment  of  his,  made  upon  shavings  prepared  with 
solutions  of  copper  sulphate  containing  different  quantities  of  ft-rrous 
sulphate,  which  were  subsequently  buried  and  the  time  of  preserva- 
tion noted.  The  results  of  this  experiment  prove:  1st,  that  ferrous 
sulphate  possesses  a  certain  amount  of  antiseptic  power,  but  much 
more  feeble  than  that  of  copper  sulphate.  2d,  that  woods  prepared 
with  solutions  of  copper  sulphate  containing  at  the  same  time  ferrous 
sulphate,  are  preserved  under  ground  nearly  as  long,  unless  the  iron 
salt  is  present  in  considerable  proportion.  3d,  that  there  is  no  reason 
for  preferring,  for  the  purpose  of  preserving  wood,  a  chemically  pure 
copp'T  sulphate  to  the  commercial  article.  These  last  results  are  in 
contradiction  to  the  theories  of  many  specialists;  among  others,  to. 
tliose  of  M.  Eoucherie,  who  has  lately  stated  that  only  pure  or  nearly 
pure  capper  sulphate  could  be  used  for  the  preservation  of  wood.  M. 
Rottier  quotes  in  support  of  his  opinion  the  experiments  made  by 
Layen  upon  a  very  ancient  wheel  discovered  in  the  copper  mines  of 
San  Domingo,  in  Portugal.  This  wheel  was  found  in  a  state  of  per- 
fect preservation,  although  it  had  been  immersed  for  fourteen  cen- 
turies in  water  charged  with  copper  and  iron  sulphates.  The  wood 
itself  contained  in  notable  quantities,  basic  sulphates  of  both  the 
metals  mentioned. 

IE.  Ajjain,  a  certain  number  of  salts  exercise  a  deleterious  action 
upon  wood  impregnated  with  copper  sulphate.  If  shavings  prepared 
with  copper  sulphate  are  plunged,  after  being  washed  and  dried,  in  a 
solution  of  calcium  chloride,  or  of  sodium  or  potassium  carbonate,  it 
will  be  noticed  that  after  a  short  time  copper  appears  in  the  solution,, 
and  that  it  steadily  increases  in  amount  while  that  in  the  wood  be- 
comes lessened,  Tiiese  facts  prove  that  preservation  with  copper  sul- 
phate is  not  to  be  advised  for  woods  which  are  to  be  employed  in  mari- 
time construction;  since  these  woods  are  attacked  by  borers  as  soon 
as  a  portion  of  the  copper  sulphate  has  been  dissolved.  In  the  same 
way  may  be  explained  the  destruction  of  prepared  woods  employed  in 
en"ineering,  when  they  are  buried  in  tunnels  or  in  certain  soils,  espe- 
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ciallj  in  those  which  are  calcareous;  the  water  present  heing  charged 
Avith  calcareous  salts  (calcium  bicarbonate,  etc.)  removes  the  copper 
from  the  prepared  wood. 

III.  Precisely  in  the  same  manner,  solutions  of  carbonic  acid  re- 
move from  wood  the  copper  with  which  it  has  been  prepared.  To 
convince  one's  self  of  this  fact,  it  is  only  necessary  to  treat  prepared 
shavings  with  carbonic  acid  water. 

In  tlie  second  part   of  his  investigation,  M.  Rottier  experimented 
to  ascertain  whether  an  increase  in  the  quantity  of  metal  fixed  upon 
the  fiber  would  increase  the  durability  of  the  wood.   Special  processes 
were  necessary  to  test  the  question,  since  when  wood  is  immersed   in 
a  solution   of  copper  sulphate,  the   proportion   of  metal  which  com- 
bines   with   the   fiber  is  nearly  constant  and  always  very  small.      He 
found:   1st,  that  the  use  of  copper  acetate  enabled   him  to  fix  twice 
as   much  copper  in  the  wood  ;   2d,    that   even   this   quantity   was  in- 
creased by  heating  the  wood;   3d,   that   certain   organic   bodies   act 
toward  copper  salts  precisely  as  mordants  do  relative  to  coloring  mat- 
ters.    These  when  introduced  into  the  fiber  become    fixed  there,  and 
then  cause  there  the  absorption  of  much  more  considerable  quantities 
of  copper.     Experiments  are  described  which  were  made  with  the  two 
organic  substances  which  have  given  the  most  noticeable   results,  in- 
digo and  catechu;   and  4th,  that  the  employment   of  cuprammonium 
salts  enables  a   very   large   quantity  of  copper  to  be  introduced  into 
the  wood.    In  all  the  experiments,  shavings  being  prepared  according 
to  the  different  processes  and  their  durability  noted,  it  appeared  that 
this  durability  was  in  the  direct  ratio  of  the  amount   of  copper   fixed 
by  the  fiber.    The  following  are  the  author's  conclusions:    Among  all 
the  various  methods  of  preparing  wood  which  I  have  now  considered, 
there  is  oidy  one  which  appears  to  me  susceptible  of  practical  indus- 
trial application  with  advantage.     The  high  price   of  copper  acetate 
and  of  indigo  necessitates  the  rejection,  undoubtedly,  of  these  sub- 
stances for  this  purpose.     The  heating  of  wood  injected  with  copper 
sulphate  does  not  give  results  of  paramount  value,  and   the   employ- 
ment of  catechu  is  possible  only  in  certain  cases  of  not  frequent  oc- 
currence. The  cuprammonium  salts  on  the  contrary  may  be  employed 
-in  the  great  majority  of  cases,  and  the  small  increase  in  the  expense 
resulting  from  their  use  in  the  preservation  of  wood  will  be  largely 
compensated  by  the  much  greater  durability  thus  given  to  the  fiber. 
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The  Gramme  Magneto-Electric  Machine. — We  find  in  the 
London  Engineer,  of  April  2d,  the  following  note  from  Mr.  Wilde, 
the  well-known  inventor  of  the  magneto-electric  machine  bearing  his 
name.  As  a  contribution  to  the  history  of  the  Gramme  principle  of 
"  endless  bobbins,"  the  fact  stated  by  Professor  Pacinotti  is  of  great 
importance. 

Sir:  I  wish  to  direct  attention,  through  The  Engineer,  to  a  project 
which  has  of  late  been  brought  prominently  into  notice.  It  is  now 
about  two  years  since  Gramme's  patent  magneto-electric  machine  was 
brought,  by  some  speculators,  from  Paris  into  this  country.  The 
novelty  of  this  machine  consisted  in  giving  to  the  armature  the  form 
of  a  closed  ring,  wrapped  round  with  a  series  of  small  coils  of  insu- 
lated wire,  in  such  a  manner  that  when  the  ring  was  caused  to  rotate 
before  the  poles  of  a  permanent  or  an  electro-magnet,  a  continuous 
and  approximntely  uniform  current  of  electricity  was  obtained.  This 
form  of  arniiiture,  I  would  observe,  possesses  no  practical  advantage 
over  the  well-known  forms  contrived  by  Saxton  and  Siemens,  when 
arranged  to  produce  the  direct  current  from  a  well-constructed  com- 
mutator, but  it  has  the  disadvantage  of  requiring  a  commutator  of 
complicated  construction,  and  of  not  producing  the  alternating  current 
now  employed  for  lighthouse  illumination.  Had  M.  Gramme  limited 
the  exercise  of  his  ingenuity  to  improving  the  magneto-electric 
machine  of  which  he  claims  to  be  the  inventor,  it  nn^ht  have 
found  a  respectable  place  in  the  laboratory  of  the  physicist  as  an  in- 
strument of  research  ;  but  he  and  those  associated  with  him  have,  for 
the  purpose  of  bringing  the  invention  into  notice,  adopted  the  princi- 
ple of  electro-dynamic  accumulation  to  produce  electric  light  from  an 
electro-magnet,  which,  as  is  well  known  to  those  familiar  with  the 
history  of  electrical  science,  forms  no  part  of  Gramme's  invention. 
With  the  view  of  giving  further  publicity  to  the  Gramme  macliinc.  the 
promoters  of  the  speculation  obtaiiu-d  permission  of  the  Board  of 
Works  to  exhibit  at  their  own  expense,  an  electric  light  from  the 
clock-tower  of  the  Houses  of  Parliament  at  Westminster,  and  with 
this  semblance  of  Governmental  patronage,  aided  by  articles  in  the 
QaarterJij  Journal  of  Scienc.  and  other  publications,  "  The  Eh  ctric 
Power  Conipany  (Limited)"  was  formed  to  j)urch  ise  and  woik  the 
(iramine  invention.  The  nominal  capital  of  this  company  was  £100,- 
000,  out  of  which  the  promoters  were  to  receive  ^G.3,000.  As  a 
small  amount  only  of  capital  of  this  company  was  subscribed  by  the 
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public — an  amount  which  would  appear  to  liave  been  insufficient  to 
repay  the  promoters  for  their  venture — a  new  company  has  been 
recently  formed,  called  "  Gramme's  Magnetc-Electiic  Company 
(Limited)"'  with  a  nominal  capital  of  £250,000,  Out  of  this  capital 
the  vendors  of  the  Gramme  invention  are  to  receive  the  modest  sum 
of  ,£14.5,000,  and,  to  show  their  confidence  in  the  undertaking,  they 
have  considerately  agreed  to  accept  <£35,000  of  this  amount  in  paid- 
up  shares  of  the  company. 

I  now  come  to  the  more  important  object  of  my  communication.  A 
short  time  since.  Dr.  Antonio  Pacinotti,  of  the  University  of  Pisa, 
was  <:ood  enough  to  send  me  a  reprint  of  his  memoir  "  Sulle  Elcttro 
Calamite  Trasversali,"  from  the  Nuovo  Cimento  of  18G4,  vol.  xix.  p. 
378,  which  contains  a  description  of  an  electro-magnetic  machine 
with  an  armature  in  the  form  of  a  closed  ring,  wrapped  round  with  a 
series  of  sm.ill  coils  of  insulated  wire,  in  the  samemiinner  precisely  as 
in  tlie  machine  of  Gramme.  The  learned  Italian  Professor  states  in 
his  memoir  that  he  had  one  of  these  machines  constructed  as  early  as 
1860,  for  the  Cabinet  of  Technological  Physics  of  the  Uiiiver>ity  of 
Pisa,  and  that,  with  either  permanent  or  electro-magnets,  it  could  be 
used  as  a  magneto-electric  machine  for  producing  a  continuous  cur- 
rent :  "Una  macchina  magneto-elettrica  con  currente  continua,"  p. 
383.  The  volumes  of  the  Nuovo  Cimento  are  to  be  found  in  the 
libraries  of  the  Royal  Institution,  London,  atid  other  learned  societies 
in  Europe  and  America.  The  memoir  is  illustrated  with  an  excellent 
engrtving,  from  which  it  will  be  seen  that  Signor  Pacinotti  has  antici- 
pated most  completely  the  communication  of  M.  Gramme,  entitled 
"  Sur  une  machine  magneto-electrique  produisant  des  courants  con- 
tinus."  published  in  the  Cumptes  Bendus  de  I'Acadenne  des  Sriences, 
tome  73,  page  1(5,  1871,  as  well  as  his  English  patent  of  lb70.  No. 
16GS.  What  renders  the  Gramme  scheme  the  more  remarkable  at 
the  ]«■(■>•  nt  time  is  the  fact  that,  in  the  month  after  the  iippearnnce 
of  Gramme's  note  in  the  Comptes  Rendus,  Signor  Pacinotti  sent  his 
reclamation  of  the  invention  to  the  French  Academ}',  where  it  was 
admitterl,  ns  wilt  be  seen  by  reference  to  p.  544,  and  to  the  index  of 
tome  73,  \\her(  it  is  described  as  "  L^ne  machine  eleetro-magnetique 
construite  en  1860  d'apres  le  meme  principe  que  la  macliine  de  M. 
Gramme?'  It  is  scnrcely  necessary  for  me  to  state  that,  as  Signor 
Pacinotti's  memoir  of  1864  is  to  be  found  in  the  public  libraries  of 
this  and  other  Countries,  the  knowledge  therein  communicated  belongs 
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to  tlie  commonwealth  of  learning,  and  cannot  be  made  the  subject  of 
a  valid  patent.     The  publication  of  these  facts,  to  which  I  have  felt 
it  mj  duty  to  draw  attention,  will,  doubtless,  prove  of  public  advan- 
tage H.  Wilde. 
Alderley  Edge,  near  Manchester,  March.  23. 

The  Centennial  Exhibition. — As  was  anticipate<l  at  the  date 
of  the  last  issue  of  the  Journal,  the  opening  of  Spring  was  the 
signal  for  greatly  increased  activity  in  the  building  operations  at  the 
Centennial  grounds. 

The  contractors  are  evidently  alive  to  the  importance  of  pushing 
forward  the  work  as  rapidly  as  possible,  and  although  somewhat  re- 
tarded by  the  unusually  late  spring,  have  made  very  satisfactory 
progress. 

Railroad  tracks  have  been  laid  into  the  site  of  Machinery  Ilall, 
and  an  immense  amount  of  material  has  been  delivered.  A  planing 
mill  has  been  erected  on  the  spot,  and  a  considerable  portion  of  the 
frame-work  of  the  north  aisle  has  been  erected.  Several  hundred 
men  are  employed  on  the  various  portions  of  this  work. 

The  work  on  the  Art  Building  has  also  advanced  greatly.  On 
nearly  the  entire  south  front,  the  granite  is  set  to  the  height  of  the 
top  of  the  columns  of  the  portico,  say  fifty  feet:  and  is  progressing 
with  equal  rapidity  on  other  portions.  The  brick-work  on  the 
interior  walls  is  stretching  up  rapidlj',  and  the  setting  of  the  iron- 
work of  the  ba«e  of  the  dome  will  be  begun  in  a  few  days.  Two  of 
the  four  colossal  figures  for  the  base  of  the  dome  are  modeled  and 
are  now  being  cast  in  a  foundry  erected  on  the  spot  for  that  purpose. 

Work  on  the  Main  Exhibition  Building  is  making  good  progress. 

The  engineers  and  architects,  Messrs.  Pettit  and  Wilson,  have  ar- 
ranged for  a  comprehensive  system  of  water  supply  and  drainage 
which  is  now  being  executed. 

The  arrangement  of  the  principal  buildings,  a  plan  of  which  ac- 
companies this,  lias  been  slightly  modified  from  the  original  design 
and  will  be  found  admirably  adapted  to  the  wants  of  the  exhibition. 

The  grounds  comprise  230  acres,  lying  a  short  distance  west  of  the 
Schuylkill  river,  and  are  of  nearly  triangular  shape,  bounded  on  the 
south  by  Elm  Avenue  from  41.-it  to  o2d  street;  on  the  west  by  the 
drive  to  Georije's  Hill;  on  the  north  bv  Belmont  drive;  the  eastern 
boundary  cuts  off'  Landsdown  drive  which  will  be  turned  north  and 
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bridges  thrown  across  Landsdown  and  Belmont  valleys,  which  with  a 
short  stretch  of  new  road  between  them,  will  complete  the  circuit  of 
the  enclosure. 

There  will  be  thirteen  entrances  representing  the  original  number 
of  states,  and  after  which  they  may  be  named,  and  at  each  of  these 
will  be  ticket  offices  and  turn  stiles  to  record  the  number  of  visitors. 

Belmont  Avenue  will  be  closed  at  its  intersection  with  Elm  Avenue 
and  here  the  administration  offices  will  be  located. 

The  Main  Exhibition  Building  and  Machinery  Hall  stretch  along  Elm 
Avenue,  one  on  either  side  of  Belmont  Avenue,  with  a  space  of  500 
feet  between  them,  which  will  be  laid  out  in  walks  and  handsomely 
ornamented. 

Horticultural  Hall  is  situated  on  a  plateau  of  about  16  acres,  with 
the  deep  ravines  on  the  north  and  south,  known  respectively  as  Bel- 
mont and  Landsdown  valleys,  and  immediately  north  of  this  lie  the 
agricultural  grounds  of  30  acres  with  its  building. 

The  United  States  government  exhibition  building  will  be  near 
Belmont  Avenue,  about  800  feet  north  of  Machinery  Hall, 

This  arrangement  gives  ample  space  between  the  principal  buildings 
to  locate  satisfactorily  smaller  ones  for  the  use  of  foreign  government 
commissions  and  those  for  special  exhibits  of  which  there  will  no 
doubt  be  a  large  number. 

Among  the  proposed  ornamental  improvements  to  the  Grounds, 
are  the  Terraces  around  the  Art  Building  and  its  grand  approach  from 
Lansdown  drive  on  the  north.  The  fountain  of  the  Catholic  Total 
Abstinence  Society  to  be  placed  at  the  foot  of  George's  Hill,  a  little 
northwest  of  Machinery  Hall ;  the  lake  in  front  of  the  same  build- 
inw  ;  the  Terraces  and  Grand  Flower  Parterre  in  the  Horticultural 
Grounds. 

The  dimensions  of  the  principal  buildings  are  as  follows  : 

Main  Exhibition  Building, 

Machinery  Hall, 

Art  Building, 

Horticultural  Hall, 

Agricultural  Hall, 

U.S.  Government  Exhibition  Building,  360 

Administration  Offices,  . 

Makinsr  a  Total  of         .       . 


880  ft. 

X  464  ft. 

=  20  acre 

402  " 

X  360  " 

=  12 

365  " 

X  210  " 

=  n  " 

350  " 

X  160  " 

=  H  " 

820  " 

X  540  " 

=  10 

360  " 

X  130  " 

=  ^^  ^\ 

320  " 

X  80  " 

A.1            " 
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The  length  of  the  proposed  Horse  Railroad  within  the  enclosure 
for  transporting  passengers  is  about  4  miles,  and  the  Freight  Rail- 
road tracks  for  the  delivery  of  goods  about  3|^  miles,  connecting 
through  the  Penna.,  Reading  and  Junction  Railroads  -with  the  entire 
railroad  system  of  the  country. 

The  bridging  of  the  Penna.  R.  R.  at  40th  and  41st  streets  has 
been  so  far  arranged  for  that  its  accomplishment  may  be  considered 
certain,  thus  greatly  facilitating  the  approach  to  the  grounds  in  car- 
riages, especially  from  the  southern  and  western  portions  of  the  city. 

K. 

The  Mills  Portable  Engine. — The  severe  test  to  which  the 
capacity  of  tlie  Steam  Boilers  and  Portable  Steam  Engines  was  sub- 
jected at  the  late  Exhibition  of  the  Institute,  will  make  the  following 
statement  of  the  trial  of  the  Portable  Engine,  known  as  the  "  Mills," 
of  interest  to  engineers  and  users  of  this  class  of  machines. 

Dear  Sir — The  results  of  the  test  of  the  "  Mills  Engine,"  made 
by  me  on  the  4th  and  oth  inst.,  in  the  City  of  New  York,  is  as  fol- 
lows. The  engine  is  what  is  claimed,  of  six-horse  power,  net,  of  the 
following  general  dimensions,  arranged  on  a  boiler  of  the  locomotive 
type  :— 

Diameter  of  the  cylinder, 
Stroke  of  the  piston. 
Balance-wheel,  or  pulley, 
Revolutions  for  the  power  named, 
Diameter  of  boiler — largest  part, 

"  "  smallest  part,  inside. 

Number  of  tubes, 

Length       "... 
Total  water-heatin*?  surface,  taking  outside  of 
Total  area  of  fire-grate,  all  used, 
Diameter  of  blast-pipe, 

"       '*  smoke-pipe  above  engine, 
Length     "  '^  "  " 

Governor  of  usual  description  (Waters'  patent). 

Single  slide  Davis'  patent  piston  valve,  worked  by  a  fixed  eccentric. 
Boiler  jacketed  with  one-inch  felt,  and  covered  with  Russia  iron. 
Weight  of  engine,  boiler,  road  wheels,  etc.,  a  trifle  under  3500  lbs. 


6- 

inches 

6- 

t( 

6x36- 

t( 

200- 

19-5 

inches 

18- 

k( 

40. 

6- 

feet 

of  tubes. 

90- 

sq.  ft. 

215 

(( 

1-25 

inches 

7- 

«' 

8- 

feet 
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.      ?6-3 

lbs. 

.       42- 

degs 

.     210-1 

t( 

4212 

(< 

.     32M  . 

a 

.     200- 

lbs. 

.       12- 

ti 

.      58- 

(( 

.  1,812- 

(( 

56,268- 

4-689 

4-75 

7-63 

36-2 

lbs 

4-05 

1.1, 

RESULTS    OF    THE    TEST. 

Average  steam-pressure  carried, 

"       temperature  of  feed-water  in  tank, 

*'  "         "  "         entering  boiler, 

"  "         "  smoke  (5  in.  from  tube  ends), 

'*  "  "  steam  due  to  pressure, 

Coal  weighed  out  and  used,    . 
Wood  and  shavings  used, 
A>-li  and  clinker  at  end  of  trial, 
Water  used  from  tank, 
Total  revolutions  with  full  load, 
Hours  run  at  actual  speed — mechanical  time, 

"  "  "  clock  time, 

Indicated  horse- power, 

Water,  per  indicated  horse-power,  per  hour. 
Combustible,  per  indicated  horse-power,  per  hour. 

Remarks. — To  obtain  correct  evaporative  duty  of  boiler,  the  water 
derived  from  condensation  in  the  heater  must  be  calculated  and  added 
to  amount  drawn  from  the  tank,  as  the  feed  water  was  heated  in  a 
direct  contact  heater.  Owing  to  the  coal  being  larger  than  had  pre- 
viously been  used,  considerably  more  was  put  in  fire-box  during  first 
hour  than  necessary,  causing  a  loss  that  could  not  be  calculated,  and 
was  not  considered.  Temperature  of  feed-water  is  the  average  taken 
by  another  and  myself  at  different  intervals — or  one-quarter  hour 
apart. 

F.  W.  Bacox, 

Mechanical  and  Consulting  Engineer. 

Boston,  3Iarch  10,  1874. 

The  Rules  under  which  this  test  was  made  accompany  the  Report, 
over  Mr.  Eicon's  signature,  but  as  they  are  almost  identical  with 
those  governing  the  tosts  at  the  Exhibition,  and  which  were  published 
in  the  Journal  for  August,  1874,  their  repetition  here  is  unneces- 
sary. K. 

A  New  Seismometer. — A  highly  ingenious,  though  simple, 
apj'jaratu.'?,  designed  by  M.  Malvosia,  of  Bologna,  to  indicate  the  com- 
mencement of  earthquake  shocks,  has  lately  attracted  the  atten- 
tion of  Italian  savayits.     We   will  try,  briefly,  to  describe  it :     On  a 


Bibliograpliical  Notices.  243 

slightly  inclined  board  is  fixed  a  pplierical  cap  or  calotte  having  eight 
j^rooves  corresponding  to  the  eight  principal  points  of  the  compass. 
A  little  beyond  the  edge  of  the  cap  there  is  a  projecting  wooden  ring 
which  limits  the  inclined  surface.  On  the  top  of  the  cap  is  poised  a 
little  brass  ball,  being  slightly  flattened  at  the  point  of  contact. 
Upon  the  ball  rests  very  lightly  a  conical  weight  by  a  small  screw 
projecting  from  its  base;  which  weight  is  suspended  by  a  chain  from 
an  overhanging  arm  movable  up  and  down  on  a  support  at  the  side. 
It  will  thus  be  seen  that  the  least  shock  will  make  the  ball  topple 
over.  When  it  does  so,  it  runs  down  one  of  the  grooves  of  the  cap 
to  the  inclined  plane,  at  the  lower  part  of  which  it  finds  a  hole,  and 
passing  into  it,  comes  to  effect  an  arrangement  by  which  a  gun  is 
fired.  But  this  is  not  all.  AVhenever  the  ball  has  left  its  position  on 
the  cap,  a  spring  needle,  longer  than  the  diameter  of  the  ball,  shoots 
out  from  the  little  screw-knob  that  rested  on  the  ball  and  catches  in 
that  groove  of  the  cap  down  which  the  bail  has  run.  Thus  the  direc- 
tion is  indicated  in  which  the  shock  has  been  given  ;  it  has  been  on 
the  opposite  side  to  that  in  which  the  needle  hangs  down.  The  in- 
strument is  said  to  be  very  sensitive,  and  will  doubtless  render  good 
service  in  what  is  now  a  little  understood  branch  of  science. 

New  Fog  Signals. — Professor  Tyndall  has  recently  made  a 
series  of  experiments  at  Woolwich,  England,  upon  a  new  signal  ap- 
paratus for  use  on  the  coast  during  fogs.  It  consists  of  a  cannon  by 
means  of  which  detonations  of  variable  intensity  may  be  produced. 
This  is  effected  by  the  concurrent  employment  of  gunpowder  and  of 
gun-cotton. 


Tkciinical  Trainivg  ;  bnng  a  Suggestive  Sketch  of  a  National 
System  of  Iu(lu>'tri'il  Instruction,  founded  on  a  Gineral  JJiJf'usion  of 
Prafticnl  Si-ience  among  tie  Ptople.  By  TiiOiMAS  Twinino.  one  of 
the  Vice-P  p^idotifs  of  the  Society  of  Arts.  8vo.,  pp.  xxiv.  4')8. 
London.  1M74.  (Mncmillan  &,  Co.)  Tlie  subject  of  Technical  Train- 
ing is  one  in  which  just  now  Enjiland  is  deeply  interested.  Deaf  as 
she  was  for   a   long  time   to  the  warnings  of  some  of  the  most  far- 
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sighted  of  her  scientific  men,  the  Exposition  of  1867  opened  her  eyes 
to  the  fact  that  an  era  of  brains  was  taking  the  place  of  one  of  sim- 
ply manipulative  skill,  and  that  intelligent,  well-trained  intellect  was 
a  better  crop  to  cultivate  than  manual  dexterity  or  empirical  presti- 
digitation. Hence  have  arisen  here  and  there  over  her  domain  schools 
of  various  grades  desijined  for  the  mental  training  of  her  artisans ; 
so  that  out  of  the  developed  brain  should  come  new  ideas  of  prcJgress 
which  would  enable  her  to  maintain  her  prestige  among  the  nations. 
But  more  than  this.  The  subject  of  education  generally,  and  espe- 
cially that  of  the  higher  education,  has  received  a  most  valuable  im- 
pulse from  this  movement.  Broader  and  more  liberal  ideas  are 
taking  po-<session  of  British  educators.  The  masses  are  to  be  put  to 
school ;  they  are  to  be  trained  in  mind  as  well  as  in  body  ;  to  be 
taught  hOAV  to  grasp  and  wield  an  idea  as  readily  as  a  sledge.  Out 
of  this  general  advance  along  the  line,  the  book  before  us  comes.  Its 
author  has  for  many  years  been  studying  English  and  Continental 
Technical  Education,  and  has  carefully  examined  all  the  plans  which 
have  originated,  with  working  men  or  outside  of  them,  for  the 
improvement  of  their  mental  condition.  On  the  very  many  perplex- 
ing questions  which  arise  when  the  subject  of  Technical  Training  is 
discussed,  therefore,  he  is  a  most  invaluable  witness.  For  example, 
he  cuts  at  the  outset  a  Gordian  knot  of  no  mean  proportions  when 
he  says  :  "Train  each  portion  of  the  community  to  the  full  enjoy- 
ment of  its  resources,  and  to  the  satisfactory  fulfillment  of  its  duties." 
He  believes  that  there  is  no  danger  of  too  much  education  anywhere; 
that  the  needs  of  the  laboring  classes  Avill  always  impel  them  rather 
to  too  little  than  to  too  much  study.  Hence  he  would  reorganize  the 
apprenticeship  system,  would  provide  evening  and  science  and  art 
schools  for  the  working  man,  and  would  furnish  him  Avith  museums 
where  he  can  see  for  himself  the  progress  made  in  branches  of  labor 
other  than  his  own.  But  over  and  above  all  this  is  the  grander  and 
wider  plan  of  engrafting  technical  upon  the  entire  system  of  national 
education,  so  that  from  ins  childhood  the  artisan  shall  be  instructed 
in  those  branches  of  knowledge  which  he  is  afterwaids  to  put  into 
practice.  In  furtherance  of  this  idea,  Mr.  Twining  gives  in  his  book 
definite  plans  for  systematic  instruction,  both  elementary  and  ad- 
vanced; the  text  books  and  books  of  reference  necessary  in  the  va- 
rious parts  of  the  course,  the  methods  of  instruction  likely  to  be  of 
most  benefit,  and  finally  the  examinations  which  are  held  at  the  close. 
For  special  purposes,  he  thinks  a  central  technical  university  may 
become  necessary,  and  submits  a  plan  of  such  a  school.  Without 
entering  here  upon  the  question  how  far  our  system  of  general  edu- 
cation resembles  that  of  England,  it  is  quite  clear  that  in  technical 
education  we  are  in  quite  as  much  need  of  bestirring  ourselves  as  are 
our  English  cousins.  We  too  must  have  schools  for  training  me- 
chanics in  science  ;  not  only  institutions  where  our  young  men  can 
afi'ord  to  spend  years  in  studying  a  learned  profession,  be  it  that   of 
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civil  engineer  oi*  analytical  chemist,  but  schools  where  scientiBc  prin- 
ciples, even  the  most  elementary,  if  need  be,  can  be  taught  to  those 
who  are  earning  their  daily  bread  by  the  sweat  of  their  brows  during 
the  very  time  they  come  for  instruction.  We  commend  Mr.  Twining's 
book  to  all  who  are  interested  in  this  great  subject.  E.-pecially  to 
those  who,  having  both  benevolence  of  heart  and  fullness  of  pocket, 
are  desirous  of  ameliorating  the  condition  of  the  working  man.  as  the 
proximate  object,  and  of  placing  us  in  the  higher  industries,  at  least 
by  the  side  of  the  mother  country,  as  the  ultimate  object  of  their 
benefactions. 


Manual  of  Determinative  Mineralogy,  with  an  introduction 
on  Blowpipe  Analysis.  By  George  J.  Brush,  Professor  of  Miner- 
alogy in  the  Sheffield  Scientific  School.  8vo  .  pp,  vi.  104.  New 
York,  1875.  (John  Wiley  &  Son.) — Professor  Brush's  eminence  as  a 
mineralogist,  and  his  ability  and  experience  as  a  successful  teacher  Oi 
mineralogy,  are  well  known  facts.  For  this  reason  we  are  glad  to 
welcome  from  his  pen  the  volume  before  us,  which  is  intended  to  be 
one  part  of  the  Determinative  portion  of  Dana's  Mineralogy.  The 
material  in  it,  he  tells  us  in  his  preface,  was  in  great  part  prepared 
several  years  ago,  and  has  since  been  used  in  his  own  instruction.  It 
consists  of  a  preliminary  portion  upon  Qualitative  Blowpipe  Anal- 
ysis— upon  which  subject  Professor  Brush  stands  as  the  acknowledged 
authority  in  this  country — and  of  a  subsequent  portion,  embracing 
Determinative  Mineralogy  proper.  This  latter  portion  is  based  upon 
the  tenth  edition  of  Von  Kobell's  well-known  "  Tafeln  zur  Bestiin- 
mung  der  Mineralien,"  although  much  new  matter  has  been  added, 
and  the  old  has  been  much  more  conveniently  arranged  in  a  set  of 
thirty-three  tables,  preceded  by  a  complete  analysis,  by  which  with 
the  aid  of  the  blowpipe,  the  mineral  under  examination  may  in  a 
few  moments,  be  referred  to  its  proper  plaje.  The  determinative 
characteristics  as  given  in  the  tables  are  color,  streak,  cleavage, 
hardness,  specific  gravity,  fusibility,  crystalline  form,  chemical 
composition  and  behavior.  From  this  statement  it  will  be  seen 
that  the  means  which  are  employed  for  the  determination  of 
mineral  species  are  chiefly  pyrognostic,  and  that  after  the  min- 
eral has  been  thus  fixed,  the  other  physical  characters  are 
given  to  complete  the  identity.  The  author  expresses  his  inten- 
tion to  add  at  some  future  time  other  tables  for  the  determination  of 
minerals  by  their  physical  characters  alone.  This  will  add  greatly  to 
the  usefulness  of  the  work.  We  trust  also  that  the  crystallographic 
portion  will  soon  be  put  into  print,  since  a  good  English  treatise  on 
the  system  of  crystallogra|)liy  adopted  by  Dana  is  yet  a  desider- 
atum. Professor  Brush's  book  is  well  and  carefully  printed,  and  is 
creditable  to  the  house  whicii  has  issued  it. 
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Hall  of  the  Franklin  Institute,  March  17th,  1875. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the 
President,  Robt.  E.  Rogers  in  the  chair.  There  were  129  members 
present. 

Tiie  minutes  of  the  stated  meeting  held  February  17th  last  were 
read,  and  after  some  discussion  were  adopted  as  read. 

Tiie  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  their  stated  meeting  held  the  lOth  inst.,  the  follow- 
ing donations  to  the  library  had  been  received  : 

Annual  Report  of  the  Secretary  of  the  American  Iron  and  Steel 
Association,  D^c.  31st,  1871.     Philada.     From  the  Association. 

Statistical  Society  Almanac  for  1875.     London.    From  the  Society. 

Nirrow  Giuge  Riilways  in  America,  also  a  Directory  of  Narrow 
Gauge  Railways  in  North  America,  by  Howard  Fleming.  From  the 
Authors. 

Fifth  Annual  Report  of  the  Directors  of  City  Trusts,  Report  for 
the  year  1874.     From  the  Board  of  City  Trust. 

Tlie  Secretary  reported  from  the  Committee  on  Models  that  they 
had  met  and  organized,  and  had  asked  the  Board  of  Managers  for 
an  appropriation  of  one  hundred  dollars,  to  be  expended  in  putting 
the  Cabinet  of  Models  in  order.  This  appropriation  has  been  made, 
and  is  now  being  expended  under  the  direction  of  the  committee. 

The  Secretary  presented  his  report,  which  was  principally  devoted 
to  lantern  illustrations  of  the  Centennial  Exhibition  grounds  and 
buildings,  with  descriptions  ;  and  some  comments  on  the  success  of 
the  late  exhibition  held  by  the  Institute. 

He  also  presented  a  new  castor  for  furniture,  the  invention  of 
G.  W.  Waite,  the  principal  peculiarity  of  which  consists  in  the  weight 
being  sustained  by  a  series  of  conical  rollers  standing  on  end  at  a 
small  inclination  from  the  perpendicular,  between  a  central  spindle 
and  an  outer  case,  enabling  the  castor  to  adjust  itself  to  any  desired 
line  of  motion  with  a  very  small  amount  of  friction. 
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The  Secretary  also  stated  that  considerable  interest  had  been  felt 
in  the  matter  of  magneto-electric  machines,  from  the  fact  of  a 
Gramme  machine  having  been  recently  put  in  operation  by  Prof. 
Barker,  at  the  University  of  Pennsylvania,  and  hoped  that  it  would 
be  exhibited  at  the  next  meeting. 

In  response  to  the  request  of  the  President,  Mr.  C.  L.  Cliapin 
gave  some  account  of  the  efforts  being  made  to  introduce  these  ma- 
chines  in  tliis  country,  and  stated  that  he  hoped  they  would  soon  be 
put  on  this  market. 

Under  the  head  of  deferred  business  the  proposed  amendments  to 
tlie  by-laws  laid  over  from  the  last  meeting  were  called  up,  which  are 
as  follows : 

Resolved^  That  Section  III,  Article  5,  of  the  by- laws,  be  amended 
by  changing  the  hours  of  opening  the  polls  from  4  o'clock  to  3  o'clock 
P.  M  ,  and  the  hour  of  closing  the  polls  from  8  o'clock  to  9  o'clock 
P.  M. 

Resolved,  That  Section  I,  of  Article  5,  of  the  by-laws,  be  amended 
bv  adding,  to  the  first  sentence  the  following:  "And  provided  fur- 
ther,  that  no  member  shall  be  eligible  for  re-election  as  Manager  or 
Vice-President,  for  the  period  of  one  year  after  his  term  of  office  has 
expired." 

A  very  wide  discussion  followed,  participated  in  by  Messrs.  LeVan, 
Close,  Helm,  Hoover,  Brown,  Purves,  Sartain,  Trautwine,  Eldridge, 
Tatham,  Mitchell,  Lipman,  Weaver  and  Ileyl.  On  being  put  to 
vote  separately,  the  ri^solutions  were  lost. 

In  reply  to  a  question  the  Secretary  stated  that  the  number  of 
season  tickets  to  the  Exhibition  issued  to  members  was  1324,  to  ex- 
hibitors 803,  to  the  employees  of  exhibitors  llt)7,  making  a  total 
of  328-4  free  season  tickets,  exclusive  of  press  and  other  complimen- 
tary tickets. 

Mr.  Close  asked  the  chair  to  make  a  decision  as  to  the  exact  con- 
struction to  be  put  on  the  by-law  requiring  the  polls  to  close  at  8 
o'clock,  and  as  to  whether  or  not  those  members  who  are  in  line  at 
that  hour  shall  be  allowed  to  deposit  their  ballots. 

Mr.  Grimshaw  stated  that  he  had  embodied  that  point  in  a  pro- 
posed amendment  to  the  by-laws,  which  he  handed  the  Secretary,  as 
follows:  "  Amendment  offered  to  Section  III,  Article  5,  to  change 
the  hour  of  opening  the  polls,  from  4  o'clock  to  3  o'clock,  and  to  in- 
sert the  words,  all  voters  who  shall  be  present  in  the  room  of  election 
prior  to  8  o'clock  P.  M.  shall  be  entitled  to  have  their  votes  received." 
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The  President  said,  I  think  in  fairness  to  those  who  come,  under 
circumstances,  sometimes,  of  unavoidable  delay,  that  it  would  be 
even-handed  justice  that  all  who  are  in  the  voting  room  at  the  time, 
and  all  in  line  are  at  liberty  and  should  have  the  privilege  of  voting. 
This  is  my  decision. 

Some  discussion  followed,  but  no  appeal  was  taken  from  the  de- 
cision, whereupon  Mr.  Grimshaw  withdrew  his  proposed  amendment. 

Under  the  head  of  new  business  the  following  extract  from  the 
minutes  of  the  Board  of  Managers  was  presented : 

"  The  Secretary  presented  a  memorandum  showing  the  attendance 
in  the  Library  on  Sunday,  from  August  1st,  1874,  to  February  7th, 
1875,  between  the  hours  of  12  M.  and  4  P.  M  ,  was  an  average  of  3J 
persons  per  day,  and  from  10  A.  M.  to  4  P.  M.  there  was  an  average 
of  5  per  day,  and  many  of  these  were  persons  who  could  as  Avell  use 
the  library  on  other  days,  or  in  the  evenings.  The  Secretary  there- 
fore offered  the  following,  which  was  adopted : 

^'  Mesoloed,  That  in  view  of  the  small  attendance  at  the  library  on 
Sundav,  as  shown  by  the  memorandum,  the  Board  of  Managers 
recommend  to  the  Institute  that  its  opening  on  Sunday  be  discon- 
tinued." 

Mr.  Purves  moved,  and  it  was  seconded,  that  in  accordance  with 
the  recommendation  of  the  Board  of  Managers,  the  opening  of  the 
librarj'  on  Sundays  be  discontinued. 

Mr.  Chabot  moved  to  amend  by  postponing  action  for  three  months, 
and  in  the  mean  time  a  record  be  kept  of  the  attendance  during  the 
week  and  on  Sunday  ;    which,  on  being  put  to  vote,  was  lost. 

The  question  recurring  on  Mr.  Purves'  motion,  it  was  carried, 

Mr.  Chabot  wished  to  have  his  vote  recorded  ''■  JS'o." 

The  Presi<lent  urged  upon  the  members  the  importance  of  each 
doing  all  they  can  in  bringing  matters  of  interest  before  the  monthly 
meetings,  and  assured  them  that  they  will  always  meet  with  the 
hearty  co-operation  of  the  Secretary  and  other  officers  of  the  Insti- 
tute. 

The  meteorological  section  filed  a  report  on  the  climatic  conditions 
during  the  months  of  January  and  February  of  this  year. 

On  m(Jtion  the  meeting  then  adjourned. 

J.  B.  KxiGHT,  Secretary. 
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REPORT  ON  A  TEST-TRIAL  OF  A  SWAIN  TURBINE  WATER  WHEEL 


By  James  B.  Francis,  C.  E.,  of  Lowell/ 


Dear  Sir: — I  send  you,  on  the  accompanying  sheets,  the  princi- 
pal data  and  computed  results  of  the  experiments  on  the  Power  and 
Discharge  of  the  Westerly  Swain  Turbine  Water  Wheel  in  your  No.  5 
Mill. 

You  are,  of  course,  fully  aware  of  the  circumstances  under  which 
these  experiments  were  made,  but  as  a  matter  of  record  I  will  briefly 
describe  them. 

During  the  last  summer  you  put  in  a  pair  of  Swain  Turbines, 
seventy-two  inches  in  diameter,  and  of  about  330  horse-power  each, 
on  18  feet  fall ;  both  of  the  same  pattern ;  in  place  of  the  Centre- 
vent  Wheels  that  had  been  in  use  in  the  same  mill  since  it  was  built, 
in  1849;  and  it  became  necessary,  for  the  purpose  of  gauging  the 
quantity  of  water  drawn  by  the  Boott  Cotton  Mills  from  the  canals 
of  the  Proprietors  of  the  Locks  and  Canals  on  Merrimack  Kiver,  to 
ascertain  the  quantity  of  water  discharged  by  them  at  diflforent  heights 
of  speed-gate,  and  with  different  speeds.  For  this  purpose  a  gauging 
weir  was  constructed  below  the  Westerly  wheel,  over  which  all  the 
water  flowed  which  passed  through  the  wheel.  This  was  all  that  was 
required  for  the  purpose  of  gauging  the  quantity  of  water  di.scliarged, 
At  your  request,  however,  I  at  the  same  time  weighed  the  power  of 
the  wheel,  for  the  purpose  of  ascertaining  its  efficiency  as  a  motor. 

[*  The  Report  on  the  Swaia  Turbine  here  given,  was  made  to  A.  G.  Cumnock,  Esq., 
Agent  of  the  Boott  Cotton  Mills,  Lowell,  Mass.  In  the  note  accompanying  the  manu- 
script sent  us,  the  author  states  that  the  experiments  were  made  witii  great  care,  the 
necessary  apparatus  being  constructed  at  considerable  cost.  He  also  states  that  the 
makers  of  the  Turbine  had  nothing  to  do  with  the  experiments,  and  bore  no  part  of 
the  expense;  they  must  therefore  be  considered  free  from  any  bia-  in  favor  of  the 
makers. — Ei>.] 
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The  apparatus  used  for  weighing  the  power  was  substantially  the 
same  as  was  used  in  testing  the  Centre-vent  Water  Wheel  in  the  same 
mill,  in  1849,  a  description  of  which  is  given  in  "  Lowell  Hydraulic 
Experiments,"  the  second  edition  of  which  was  published  in  1868. 
Tlie  friction  pulley  and  the  bell  crank  were  identically  the  same  as 
used  before.  The  brake  was  new.  The  hydraulic  regulator  was  the 
same  as  was  used  in  testing  the  Tremont  Turbine  in  1851,  and  is  also 
described  in  the  work  above  referred  to. 

The  principal  diflference  in  the  apparatus  was  in  the  weir,  which  in 
this  case  was  without  contraction  at  the  ends.  This  was  so  made  in 
order  to  obtain  a  greater  length  of  weir ;  the  power,  and,  of  course, 
the  quantity  of  water  discharged,  being  considerably  greater  in  the 
Swain  wheel  than  in  the  Centre-vent  wheel  it  replaces.  The  formula 
determined  from  the  experiments  made  at  the  Lower  Locks,  in  1852, 
for  computing  the  flow  over  a  weir  requires  complete  contraction  at 
the  crest,  and  either  complete  contraction,  or  none,  at  the  ends.  In 
this  case  the  contraction  at  the  crest  was  complete,  and  at  the  ends 
nothing ;  the  discharge  has  been  computed  by  the  formula 

Q  =  3-33LH^ 

In  which 

Q  =  the  quantity  of  water  discharged,  in  cubic  feet  per  second. 

L  =  the  length  of  the  weir  =  16-311  feet. 

H  =  the  depth  on  the  weir,  in  feet. 

The  discharge  from  the  wheel  caused  great  commotion  in  the  wheel- 
pit,  and  the  weir  being  too  near  to  permit  the  water  to  free  itself, 
naturally,  from  disturbance  before  reaching  the  weir,  a  rack  or  grating 
in  which  about  one-fifth  of  the  area  was  open  for  the  passage  of  the 
water,  was  placed  parallel  to,  and  about  4*5  feet  distant  from  the 
weir ;  tlie  relative  position  of  wheel,  rack  and  weir,  being  the  same  as' 
in  the  experiments  on  the  Centre-vent  wheel  in  1849,  and  represented 
on  Plate  VIII  "Lowell  Hydraulic  Experiments."  The  fall  in  pass- 
ing the  rack  Con  which  its  efficiency  in  equalizing  the  flow  mainly 
depends),  in  the  experiments  with  the  speed-gate  fully  open,  was 
about  p-2  feet.  The  crest  of  the  weir  was  12-08  feet  above  the  bot- 
tom of  the  race-way.  The  depth  on  the  weir  was  observed  by  means 
of  a  hook-gauge,  placed  in  a  tight  box  on  the  upper  side  of  the  rack, 
which  communicated  by  means  of  a  lead  pipe  0-75  inch  in  diameter 
•with  the  space  between  the  rack  and  the  weir ;  the  lower  part  of  the 
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pipe  being  placed  an  inch  or  two  above  the  floor  of  the  -wheel-pit,  in 
the  angle  formed  by  the  floor  and  the  weir,  where  there  is  the  least 
motion  in  the  water ;  the  lower  end  being  closed,  and  the  communi- 
cation maintained  by  means  of  holes  in  said  lower  part  of  the  pipe, 
one-eighth  inch  diameter,  one  foot  apart.  The  water  had  a  free  fall 
from  the  weir,  the  height  of  the  water  on  the  down-stream  side  of  the 
weir,  being  in  no  experiment  less  than  2"5  feet  below  the  top  of  the 
Aveir.  The  fall  acting  on  the  wheel  was  observed  bv  notins  the  hoijrht 
of  the  water  in  the  wheel-pit  and  the  liead  in  the  penstock,  substan- 
ti.illy  as  in  the  experiments  of  1849,  above  referred  to.  The  box 
containing  the  gauge  for  observing  the  height  in  the  wheel-pit,  com- 
municated with  the  wheel-pit,  by  means  of  a  lead  pipe  0-75  inch  in 
diameter,  placed  in  the  angle  formed  by  the  floor  and  wall  of  the  pit^ 
pierced  with  holes  one-eighth  inch  diameter,  about  one  foot  npart. 
The  brake  was  of  oak,  the  long  arm  having  an  eff'ective  length  of 
10  760  feet,  which  was  increased  by  the  unequal  lengths  of  the  aims, 

of  the  bell-crank  to  10-760  X— ^^^=11-969  feet. 

4-49o 

The  weight  of  the  brake  was      .  .  .     3228-75  pound?.. 

"  "        friction  pulley,  .  .     5025-00       " 


8253-75       " 

The  friction  pulley  takes  the  place  of  a  bevel  gear  weighing  2440 
pounds.  The  difference  between  the  weight  of  the  brake  and  friction 
pulley  and  the  bevel  gear,  viz.,  5813-75  pounds,  was  counterbalanced 
by  a  combination  of  suspension  rods,  levers  and  weights,  which  left 
the  same  weight  on  the  step  on  which  the  wheel  runs,  during  the  ex- 
periments, as  in  the  ordinary  running  of  the  wheel.  The  counter- 
balance relieves  the  step  of  the  extra  weight,  by  means  of  the  brake 
lifting  against  the  upper  flange  of  the  friction  pulley. 

The  weights  used  were  mostly  pieces  of  pig  iron  of  various  weights, 
which  were  marked  upon  them  by  the  City  Sealer  of  Weights  and 
Measures.  As  a  check,  the  weights  in  the  scale  were  frc([uently 
taken  out  and  weighed  in  a  mass  on  platform  scales.  The  bell-crank, 
which  formed  the  scale-beam,  was  balanced  wliou  there  was  no  weight 
in  the  scale. 

The  floor  and  walls  of  the  wheel-pit  were  water-tight.  The  leakage 
at  the  weir,  if  any,  was  too  small  to  be  taken  account  of. 
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Experiments  on  the  Power  of,  and  Quantity  of  Water  dlscliargeci  by  the  Westerly  Seventy-Two  Inch  Swain  Turbine  Water  Wheel,  in  Boott  Cotton  MUl,  No,  6,  at  Lowell,  Mas*. 


n 


Ikt    Mt         I<JITE.1«T«. 

»he.l 

in 

l«lliig 

room,     wheel 

iwrtal 

[    pit. 

g«l«. 

D«g. 

Beg. 

r»lir. 

F«7r. 

Inohos. 

1     Aug.  1,  A.M. 

8-25 

*    i      " 

»          •• 

7.1 

7,<i-3 

" 

4 

6          •• 

e-  1     •• 

7 

6-60 

8 

» 

10 

U      Aug.  1,  P.  M. 

12 

IS 

U 

15 

16 

laoo 

17 

•* 

18 

«* 

19 

73 

30 

•22 

Si      Aug.  4,  P.  M. 

200 

24 

2.3            '*          " 

36 

(t 

27 

<( 

28 

« 

29 

30     Aug.  .5,  A.  M. 

31 

" 

82 

70-5 

3-00 

8.S 

34 

c( 

85 

86 

37 

38 

«"« 

39 

it 

40            " 

(1 

41 

70-5 

400 

42     1       " 

(( 

43     1       " 

44 

tt 

48 

46 

47 

(( 

48     ,       '• 

f( 

49 

ii 

SO            " 

•500 

■51 

52 

-53 

U     Aug.  5,  P.  SI. 

.i5     !       •' 

56     '       " 

57            "          " 

« 

58     1       ..          .. 

59            •• 

11 

«0     1       " 

11 

61     1       .■ 

600 

62 

63     '       " 

1, 

64     1       " 

« 

6« 

«7 

"(I'l 

«f 

«SP            ••          « 

70 

;; 

72     Aug.  6,  A.  M. 

700 

700 

74     ■       ■• 

76 

7« 
77 

Beginning  of  1 1 

e  uxi.cr 

landing  of  tho 

ixperi- 

"""" 

liotirs. 

Mm. 

Hours. 

Min. 

Sec. 

"  if" 

17 

Co 

9 

'  23  r 

47-6 

9. 

37 

20 

9 

4S 

670 

9 

oo 

o6'5 

10 

540 

10 

11 

485 

10 

21 

28-5 

10 

27 

27-0 

10 

34 

29-0 

10 

40 

90 

10 

46 

67-0 

u 

10 

0-5 

11 

17 

33'6 

11 

20 

8-5 

11 

29 

7-0 

11 

31 

15-0 

n 

39 

So 

u 

41 

19-0 

11 

60 

7-0. 

1 

.39 

27-6 

2 

8 

28-6 

2 

9 

550 

2 

19 

4-5 

2 

25 

17-5 

2 

34 

38-5 

2 

36 

13-0 

2 

47 

19-6 

2 

88 

57-5 

3 

6 

4S-5 

3 

23 

16.0 

•3 

27 

45-0 

3 

33 

41-5 

3 

44 

8-6 

3 

80 

26-0 

3 

58 

540 

4 

1 

70 

4 

10 

52-0 

4 

13 

8-5 

4 

24 

32-0 

4 

29 

19-0 

4 

30 

30-5 

4 

40 

9-5 

4 

49 

7-0 

6 

12 

9-5 

5 

23 

4-5 

5 

25 

26-5 

5 

31 

58-0 

5 

32 

340 

5 

41 

18-5 

5 

44 

32-0 

.5 

.51 

6-0 

0 

51 

46.0 

5 

57 

54-5 

5 

58 

37-5 

6 

5 

4-6 

6 

g 

23-5 

6 

20 

47-5 

7 

38 

42-5 

7 

47 

19-0 

7 

48 

19-5 

7 

57 

30-5 

8 

8 

22-5 

8 

10 

33-5 

8 

18 

170 

8 

26 

42-5 

8 

29 

7-0 

8 

37 

2-0 

8 

.39 

200 

8 

45 

24-5 

S 

46 

8-5 

8 

54 

8-0 

8 

.56 

660 

9 

3 

53-0 

9 

.j 

54-0 

9 

12 

36-0 

9 

14 

28-0 

9 

23 

400 

9 

2.5 

59-5 

9 

30 

37  5 

9 

42 

350 

9 

48 

34-0 

9 

51 

23-5 

9 

55 

57-5 

9 

.57 

9-5 

10 

2 

33-6 

10 

:i 

.51-5 

10 

10 

20-5 

10 

11 

430 

10 

19 

18-5 

10 

20 

10 

■    10 

27 

5 10 

10 

29 

18-0 

10 

36 

41-0 

10 

37 

27-0 

10 

43 

31o 

10 

45 

9-5 

10 

52 

310 

11 

15 

430 

11 

24 

10-6 

11 

24 

.590 

u 

30 

420 

11 

83 

21 -5 

u 

40 

27-5 

11 

41 

27.5 

11 

42 

29-5 

2 

44 

11-5 

2 

50 

.50-0 

3 

2 

70 

9 

29-5 

8 

10 

13-0 

■■i 

18 

48-5 

3 

19 

30-3 

3 

26 

30.5 

» 

27 

60-5 

3 

35 

9-0 

a 

36 

250 

a 

43 

160 

3 

44 

690 

3 

51 

49-0 

4 

4 

51-0 

^ 

10 

21  >5 

4 

11 

29-5 

4 

18 

22-6 

4 

19 

340 

4 

26 

500 

4 

28 

70 

4 

36 

2-0 

1 

37 

250 

1 

44 

22-0 

4 

45 

5-0 

4 

63 

1-6 

4 

58 

46-0 

o 

2 

38-6 

6 

3 

23  0 

T) 

10 

U-O 

h 

10 

SS-S 

17 

24-5 

« 

19 

5-6 

.-, 

26 

46-5 

£ 

47 

300 

.', 

63 

6-0 

7 

87 

42-0 

7 

40 

26-0 

7 

47 

34-5 

55 

12-6 

7 

66 

27-.J 

8 

4 

10-0 

8 

6 

31  5 

8 

12 

25  5 

« 

13 

8-6 

K 

21 

7-5 

8 

22 

SCO 

8 

29 

69-6 

8 

81 

300 

8 

39 

47-6 

8 

41 

20-5 

8 

49 

58-0 

8 

il 

37-5 

8 

j>» 

2-5 

9 

0 

47-5 

9 

6 

67-5 

10 

8 

5-0 

Duration    of 
tl>o  oxperiin 


Seconds. 
401 'O"" 
5960 
7186 
380 -0 
422-0 
408-0 
453-0 
638-6 
473-6 
628-0 
636-0 
549-6 
6610 
066-5 
466-0 
269-0  ' 
r.27-0 
508 -0 
586-0 
683-5 
431-5 
537-5 
666-0 
391-5 
5245 
393-0 
368-5 
387-0 
7440 
516-6 


51-0 


364-5 
479-5 
417-0 
402-0 
.552-0 
278-0 
3590 
•274-0 
324-0 
3891] 
455-5 
4700 
442-5 
364-5 
441-5 
r>01-5 
343-0 
420  0 
02-0 
.•<98-5 
442-6 
515-5 
420-0 
438-6 
4U-0 
410-0 
330-6 
418-0 
436-0 
475-0 
417-0 
47«-5 
632-6 
408-0 
386-0 
401-0 
336-0 
524-0 
468-0 
462-6 
414-0 
479-0 
443-6 
497-5 
617.5 
445-0 
370-0 


Total  numbor 
of  revolutions 
of  tlio  wiiool 
during  tlie  ex. 
pcrimunt. 

460 

650 
760 
660 
350 
600 
600 
660 
650 
600 
600 
600 
600 


800 
60O 
660 


400 
500 
500 


400 
550 
400 
450 
600 


Weight  In  th( 
Scale.  , - 


434-60 
459-60 
484-56 
634-56 
584-66 
385-60 
646  00 
76887 
824  47 
849-47 
874-47 
899-47 
9-24-47 
9-t9-47 
1074  47 

1074-47 
1213-22 
1290-22 
1316-22 
1308-22 
1514-47 
9000 
116-00 
148-69 
173-69 
198-69 
223-69 
284-66 
294  56 
344-56 
528-72 
464-69 
439-69 
414-69 
389-69 
364-69 
339  69 
281-00 
231-00 
231-00 
298-81 
367  00 
443-81 
496-94 
521-94 
646-94 
571-94 
621-94 
713-31 
771-19 
828-34 
887-03 
86203 
680-62 
656-62 
680-62 
680-62 
505-62 
370-12 
369-56 
440-37 
539-66 
060-94 
720-97 
774-09 
709-00 
824-00 
888-78 
94694 
996-94 
408-59 
547-91 
699-91 
807  10 
876-34 
900-34 
925-34 
976-34 
1026-34 
1075-34 


UsoIUl  cll'oot, 
or  tlie  frlotion  Total  tail  aot- 


or  Iho  brnkc. 

Pounds  ratHod 
one  foot  per 
^Scoond. 

37756-2 
38038-2 
38121-4 
30400-6 
S5.533-0 
04340  3 
097U4-O 
7-JO-JO-4 
72594-4 


7435(l-5 
74992-3 
09359-5 

103099-0 
107701-8 
1078100 
108532-3 
I0707I-; 
95352-0 
9810-6 
12149-7 
14923-U 
16618-4 
18246-9 
19560-8 
21672-5 
21444-3 
21162-3 
32392-3 
34600-3 
34800-5 
34223-5 


3177.-i-5 
28712-2 
24995-7 
200145 
32R05-2 
38332-9 
42899-8 
45124-9 
4-5932-8 
40470-6 
47201  0 
47072  5 
.58135-7 
5917:)-T 


.573809 
56468  1 
54767-5 
50884-2 
40733-1 
42046-7 
48707-9 
66889  0 
02405.3 
05011-3 
07193-S 
67711-9 
0K364-1 
09203-5 
694-10-5 
00873-3 
4091 2-{} 
58478-3 
OH'284-l 
73310-7 
7.5686-1 
70334-5 
70932-3 
77955-4 
77975-5 
76498-11 


Ing  upon  tlio 


Foot. 

3-908" 

8-967 

3-912 

3-928 

3-930 

3-984 

3-366 

8-276 

3-306 

3-278 

8-287 

3-280 

8-283 

8-316 

3-249 

3-291 

2-685 

•2-712 

2-000 

2-703 


4-312 
4-309 
4-324 
4-279 
4-288 
4-342 
4-283 
4-228 
4-190 
3-979 
3-973 
3-977 
3-972 
3-900 
3-988 
4-020 
4-011 
4-049 
3-899 
3-853 
3-812 


703 
3-703 
3:688 
3-440 

3-482 
3-444 
8-430 


3-355 
3-316 
3-314 
3-281 
3-291 
3-291 
8-390 
3-333 
8-199 
8-104 
3-142 
8-120 
3-102 
3-144 
3-088 
3-110 


■Spted  Oate  open  one  ijuarter,  nturij. 


Speed  Gate  open  one  half,  nearly. 


friction  pulley. 


.Speed  Gate  fully  open,  nearly. 


44      Aug.  S,  V.  M 


72     Aug.  fi,  A.  M. 


W      Aug.  3,  A.  M.| 


111    'Aug.  n.  p.  11. 


128      Aug.  4,  A.  M, 


144      Aug.  4,  P.  M.I  70 


r>9'0 

;' 

i-.M) 

■1 

■)»■:, 

4 

a4-ii 

1 

7-0 

4 

■J5-0 

1 

a-o 

4 

460 

i) 

230 

.^i 

16-0 
4'.l'll 
21-6 


360 
30-0 
20-5 


61-0 
19-0 
81-0 
19-5 
120 


.iS-O 

ai7.s 

2"'> 

44.5-0 

.IT-fl 

370-,0 

40-S 

,  395-5 

36-5 

882-0 

34 -U 

367-6 

1    I 


84-5 

10 

"27=0" 

•  Ttr  ' 

39-0 

10 

50-0 

10 

37-0 

10 

0-5 

11 

0-0 

11 

56-5 

11 

22-5 

U 

87-0 

2 

22-0 

2 

40-0 

2 

7-0 

2 

3-0 

3 

14-0 

3 

23-0 

3     1 

84.6 

8 

43-8 

4 

46-0 

4 

65-3 

4 

•34-0 

4 

2-0 

5 

13-5 

S 

34-0 

5 

120 

6 

14-0 

6 

48-5 

7 

16-5 

8 

27-0 

8 

23-0 

8 

31-5 

8 

20-0 

8    ' 

4-0 

>■  4e-3 

1  46-5 
16-0 
19-0 
53-5 
25-0 
48-0 
18-0 
46-0 
TK-TT' 
13-0 
14-0 
22-0 


l.S-0 
28-0 
51-5 
21-5 
22-0 
18-0 


40-6 
64-6 
47-5 
44-6 
23-5 


426-0 
62-0 
SS8-5 
442-6 
815-6 
420-0 
4S8-6 
4110 
410-0 
.S30-6 
413-0 
436-0 
475-0 
417-0 
476-6 
632-f) 
408-0 
386-0 
401-0 
336-0 
524-0 
458-0 
402-5 
414-0 
479-0 
443-6 
497-5 


347-0 
356-0 
321  0 


100 
64-0 
11-0 
51-0 


57-0 
47-0 
40-0 


443 -6 
405-0 
399-5 
439-0 
463-0 
302-0 
475-8 
4.51-5 
513-0 
.501-0 
628-5 
247-5 
479-0 
503-6 
682-5 
619-0 
493-0 


311-5 
444-0 
626-0 
.521-8 
230-5 
346-0 
536-6 
521-0 
628-0 
541-5 
1149-6 
663-0 
8180 
638-0 
664-0 
687'0 


650 
500 
600 


828-34 
887-03 
862  03 
680-62 
655-62 
630-62 
580-62 
006-02 
37012 
889-66 
440-37 
530-86 
656-94 
720-97 
774-09 
799-09 
824-00 
888-78 
945-94 
995-94 
408-59 
547-91 
699-91 
807  Hi 
875-34 
900-34 
925-34 
970-34 
1025-34 


468-09 
675 -.34 
686-62 
782-81 
872-60 
922-60 
980-37 
11105-37 
1055-37 


290-75 
437-00 
586-00 
736-25 
874-86 
1013-31 
1081-1-J 
1106-12 
"1131-12 
1156  12 
1181-12 
1206-12 
1278-31 
-576-31 
874-56 
1085-60 
1085-80 
1135-50 
1185-50 
1236-.50 
1285-60 
736-28 
1136-19 
1208-37 
1268-37 
1308-37 
1368-37 
725-31 
1208-87 
1258-87 
1308-87 
1358-87 
1408-87 
149-00 
450-26 
736-25 
1013-81 
1136-19 
1208-37 
1233-37 
1258-37 
1283-37 
1308-37 
1308-37 
1333-37 
1358-37 
1408-87 
1481-06 
1601-60 


58492-0 
58790-5 
56937-7 
578361 
57386-9 
56468-1 
04767-5 
60884-2 
4D7IW-1 
42045-7 
48707-9 
56830  6 
62406.3 
66011-3 
67198-8 
67711-0 
68354-1 
69263-5 
69440-6 
66873-3 
46012(1 


58471 


68284-1 
73310-7 
75586-1 
76334-5 
76932-3 
77955-4 
77978-5 
76498-0 
33403-8 
62296-2 
70161-0 
75916-8 
.  80235-7 
82046-9 
83307-6 
84111-9 
84794-3 
83846-3 
83796-8 
81414-1 
18633-0 
36307-9 
61349-9 
64688-8 
75229-0 
83445-1 
89080-6 
91125-2 
90439-4 
91961? 
9I245-S 
fl012«-l 
8',l.3!<4-6 
84221-9 
64171-6 
85231-0 
94608-2 
94423-4 
94.5l-,6-5 
90.583-9 
92728-4 
91400-8 
78192-6 
98110-6 
99266-1 
•  97060-2 
94791-8 
93244-1 
78709-7 
102485-2 
101302-1 
1003.38-0 
98419-0 
95462-2 
20237-7 
.55189-4 
80804-4 
09109-8 
103522-0 
104652-9 
105401-9 
1048.57-4 
104952-0 
103885-0 
104472-3 
102160-1 
101416-6 
99238-3 
96034-8 


13-444 
18-436 
18-488 
18-479 
13-842 
la-646 
18-652 
13-689 
13-660 
13-639 
13-518 
18-4.58 
13-381 
13-307 
13-355 
13-315 
13-314 
13-281 
13-201 
13-291 
13-390 
13-333 
13-199 
13-164 
13-142 
13-126 
13-102 
13-144 
13-088 
13-116 
13-275 
13-181 
13-132 
13-05J 
13-017 
13-038 
12-969 
12-977 
12-968 
12-889 
12-932 
12-894 
13-438 
13-197 
13-146 
13-110 
12-987 
12-959 
12-872 
12-830 


T2-830 
12-832 
12-779 
12-804 
12-742 
12-914 
12-810 
12-740 
12-742 


12-704 
12-868 
12-635 
12-640 
12-594 
12-646 
12-598 
12-769 
12-521 
12-474 
12-624 
12-537 
12-489 
13-099 
12-880 
12-608 
12-480 
12-432 
12-372 
12-408 


13-173 
12-580 
12-556 


1-4882 
1-4808 
1-4846 
1-4618 
1-4578 
)  -4502 
1-4370 
J-4131 
1-3674 
1-4081 
1  -4843 
1-6167 

1  -5667 
1-57.90 
1-5834 
1-6890 
1-6010 
1-6127 
1-6089 
1-5370 
1-6880 
1-6369 
J -0652 
1-0817 
J  -6859 
J -6894 
1-7014 
J:-7110 
1-7110 
1-628H 
1-6649 
1-7026 
1-7298 
1-7.536 
1 1-7636 
1-7750 
,1-7819 
1 1-7916 
1 1-7939 
1 1-7970 
1-7939 
,1-5316 
1-6058 
1-6683 
1-7272 
1-7728 
1-8125 
1-8464 
1-8614 
±1 


1-8714 
1-8691 
1-8724 
1-8714 
1-7761 
1-8079 
1-9230 
1-9090 
1-9104 
1-9224 
1-9208 
1-9258 
1-86191 
1-9734 
1-9S10 
1-9819 
'1-96(32 
1-99!01 
1-91,00 
2-0266 
2-0324 
2-0.$19 
2-0392 
2-0il7 
1-7000 
1-8(108 
1-9608 
2-0453 
2-0864 
2-0766 
2-0864 
2-C857 
2-0911 
2-0911 
2-0'.te7 
2-0923 
2-0986 
2-0940 
2-0978 
2-0793 
1-6759 
1-9840 


98-009 
97-825 
98-261 
90-948 
90-(i03 
9-1 -880 
03-564 
91  ■•240 
86  850 
96-141 
98-222 
101-4.50 
104-947 
106-411 
107-821 
108-221 
108-795 
110-092 
111-2.39 
110-846 
103-090 
108-786 
113-752 
116-714 
118-4.53 
118-897 
119-268 
120-541 
121-563 
121-563 

lllrii.s:; 


i:;ii-j.v; 
l:;o-Mj:; 
i:!ii..s4i; 

130-603 
102-954 
110-625 
117-040 

123-293 

I2n-2nn 

136-274 
187-938 
137-994 
138-839 
139-n.',l 
lii.K-T'.i.J 

is'i-ii;:; 


143-984 
144-774 
144-6.'.'.l 
145-158 
138-795 
160-459 
151-801 
101-647 
151-690 
162-488 
143-443 
156-703 
157-376 
158132 
158-166 
1,58-457 
120392 
137-871 
149-133 
188-877 
161-225 
162-.538 


0-708G 

0-6024 

0-6073 

0-5170 

0-6903 

0-6626 

((-7182 

0-7239 

(1-7119 

(1-7440 

COT 


9:;495-7 
95676-6 
96939-7 
97184-7 


lllllllo'l 
lli)ls4-li 
l(ll745-2 
lnr,aii7-2 
104780-8 
86136-4 
90812-6 
05794-1 
100635-3 
103665-0 
106935-6 
109211-6 
110184-4 
109489-9 
I  110956-3 
I  111090-8 
I  110428-1 
1  110937-3 
I  110311-6 
103370-3 
ni).'.S',i-4 
114.S(<7'4 
ll:-'.ii5-J-S 
1  l:-!i;7K-0 
lU2'.i2-8 
ll>;718-3 
114813-0 
1111-53-9 
118359-1 
119--'20-3 
118828-4 
119436-4 
119604-6 
114036-9 
1  122168-8 
122223-1 
123302-2 
1  123467-4 
123211  0 
98203-9 


12(;3S7-3 
126986-6 
126496-7 
126670-6 
1127(137-6 
l-jr,(;-tii-6 


0-5242 
0-5S99 
0-6068 
0-7137 


(1-7290 
(]-5431 
0-6474 
0-7303 
0-7662 
0-7797 
0-7855 
0-7906 
0-7901 
0-7870 
0-7705 
0-5722 
0-6504 
0-7109 
((-7608 
0-7848 
0-7945 
0-8031 
0-8006 
0-8061 
0-8003 
0-7953 


117-841 
181-788 
181-696 


li2iis;iii-0 
lL'(;,sti:i-2 
127423-8 
12.5741-9 
96666-1 
U8007-B 
Il800a-S 


0^ 


TO 


0-'2163 
0-3998 
0-3360 
0-6428 
0-72.57 
0-7803 
0-8157 
0-8270 
0-8260 
"0^288 
0-8214 
0-8162 
0-8078 
0-7638 
0-6208 
0-7707 
0  ■8-235 
0-8308 
0-8319 
(1-8.363 
0-8154 
0-7966 
0-7085 
0-8289 
0-8326 
0-8108 
0-7937 
0-7796 
0-6902 
0-8388 
0-8288 
0-8138 
0-7972 
0-7747 
0-2061 
0-4991 
0-6904 
0-8027 
0-8294 
0-8367 
0-8340 
0-8323 
0-8297 
0-8201 
0-8224 
0-8067 
0-7992 
0-7821 
0-7458 
0-6274 

0- 


0-7-203 
0-711(( 
0-66K9 
0-6298 
0  6761 
0-9814 
0-9142 
0-8399 
0-7830 
0-7450 
0-7320 
0-7184 
0-6896 
0-6573 
0-6144 
0-9794 
0-9328 
p-8831 
08396 
0-7972 
0-7704 
0-7380  ' 
0-7264 
,0-6979 
0-0609 
0-0431 
0-6122 
1-1458 
1-0732 
1-0137 
0-9536 
08880 
0-8290 
0-7664 
0-7360 
0-7169 
0-7098 
0-6891 
0-6676 
0-6492 
0-6773 
0-9692 
0-8517 
0-7638 
0-7622 
0-7315 
0-7082 
0-6604 
0-6244 
0-9278 
0-7598 
0-7227 
0-6798 
0-6372 
0-6049 
0-9499 
0-7490 
0-7126 
0-6775 
0-6398 
0-5996 
1-1738 
1  -0683 
0-9683 
0-8660 
0-8083 
0-77O1 
0-7588 
0-7412 
0-7273 
0-7057 
0-7098 
0-6813 
0-6636 
0-6264 
0-6700 
0-4376 
1-1928 
0- 


of  experiment  110. 


iBi-nke  loose  on  fricliuupuUey  ....        t 

i  1  Wheel  preveuled  from  revolving  bv  (he  l>r«te ;  l»« 
1  }  weight  in  the  scale  bal'ned  the  pressure  on  ih«)>uek«u. 
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The  experiments  detailed  on  the  accompanying  sheets,  marked 
Table  I,  I  think  require  little  explanation  beyond  what  is  contained 
in  the  headings  of  the  several  columns.  You  will  observe  that  they 
are  not  in  all  cases  given  in  the  order  in  which  they  were  made.  The 
first  twenty-two  experiments  were  intended  to  be  a  preliminary  trial, 
to  ascertain  if  the  testing  apparatus  operated  satisfactorily.  When 
they  were  made  it  was  supposed  that  the  full  opening  of  the  speed- 
gate  was  IS'OO  inches,  and  they  were  intended  to  be  made  at  quarter, 
half,  and  full  gate.  It  was  subsequently  ascertained  that  the  full 
opening  was  13.08  inches.  The  remaining  experiments  were  made 
with  special  reference  to  determining  the  quantity  of  water  discharged 
at  each  full  inch  in  height  of  opening  of  the  speed-gate,  from  two  to 
twelve  inches,  and  when  fully  open. 

The  experiments  have  been  plotted  on  section  paper,  and  a  series 
of  curves  drawn  for  the  several  heights  of  gate,  for  the  purpose  of 
interpolation  and  eliminating  irregularities. 

Table  II  has  been  de  luced  from  these  curves  ;  it  indicates  that  from 
9  inch  gate  to  13-08  inch  gate,  or  say  from  about  two-thirds  gate  to 
full  gate,  the  maximum  coefficient  of  useful  effect  varies  from  0-828 
to  0-839,  or  about  one  per  cent. ;  the  velocity  of  the  exterior  circum- 
ference of  the  wheel  relatively  to  the  velocity  due  the  head,  cor- 
responding to  the  maximum  coefficient  of  useful  effect,  being  for  9 
inch  gate  about  0-720,  and  for  full  gate  about  0-765.  At  half  gate 
the  maximum  coefficient  of  useful  effect  is  about  0*78,  at  a  relative 
velocity  of  about  0.68.  At  one-quarter  gate,  the  maximum  coefficient 
of  useful  effect  is  about  0*61  at  a  relative  velocity  of  about  0-66. 

Very  respectfully, 
[Signed]  James  B.  Francis. 

Lowell,  Mass.,  Feb.  24,  1875. 


APPENDIX. 


DESCRIPTION  OF  THE  SEVENTY-TWO  INCH  SWAIN  TURBINE  WATER  WHEEL 

BUILT  BY  THE  SWAIN  TURBINE  CO.,  LOWELL,  MASS.,  EXPERIMENTED 

UPON  AT  THE  BOOTT  COTTON   MILLS,  AUGUST  3-7,  1874. 

Plate  I  represents  a  vertical  section  through  the  centre  of  the 
wheel  and  pit,  showing  the  measuring  weir  w,  and  the  rack  r,  and 
also  parts  of  the  weighing  apparatus,  friction  pulley  p,  brake  b,  and 
counterbalancing  apparatus  c  c  c  c. 
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Plate  II  represents  a  plan  of  the  weighing  apparatus  and  measuring 
flume  with  weir  and  rack. 

Plate  III  represents  a  vertical  section  through  the  centre  of  the 
wheel,  on  a  larger  scale,  with  a  plan  of  portions  of  the  wheel  and  gate, 
and  a  development  of  th«  outer  surface  of  the  wheel. 

The  lower  curb  C,  is  a  strong  disc  of  cast  iron,  with  a  short  cylin- 
der upon  which  the  gate  moves,  and  an  inner  tube  with  diverging 
sides,  through  which  the  water  leaving  the  wheel  is  discharge(J  into 
the  pit.  There  are  three  arms  reaching  from  the  sides  of  this  tube  to 
the  hub  which  forms  the  pintle  upon  which  the  wheel  revolves.  The 
step  S  is  a  cylinder  of  white  oak,  with  conical  ends,  and  is  free  to 
revolve  with  the  wheel  or  to  remain  stationary  upon  the  pintle  while 
the  wheel  revolves  around  it.  By  means  of  pipe  (/")  water  is  supplied 
to  the  step,  passing  through  its  centre  and  escaping  outward  over  its 
ends.  Tiie  intermediate  piece  a  a  connecting  the  shaft  c  and  the 
wheel  coupling  v,  can  be  removed  to  replace  the  step,  without  disturb- 
ing either  the  wheel  or  shaft.  The  screws  t  t  in  the  flange  of  the 
shaft,  are  used  to  adjust  the  wheel  vertically. 

The  gate  G  was  made  with  two  cylinders,  N  and  M,  attached  at 
their  tops  to  a  disc  Q,  which  forms  an  angle  of  80°  with  the  cylinders. 
At  the  lower  end  of  the  outer  cylinder  is  a  narrow  flange  to  which  is 
fastened  the  leather  packing,  which  prevents  the  escape  of  water 
between  the  gate  and  the  lower  curb.  This  gate  has  24  guides,  3  of 
them  being  of  cast  iron,  and  of  the  form  shown  in  the  plan  at  e, 
Plate  III.  The  other  guides,  21  in  number,  are  of  bronze  0-23  inch 
in  thickness  and  18-94  inches  long.  These  are  sharpened  at  each 
end  to  0-04  inch  in  thickness,  with  a  bevel  on  each  side  one  inch  long; 
and  are  so  set  as  to  form  an  angle  of  14°  with  the  tangent  to  the 
wheel  passing  through  their  inner  edges. 

Outside  of,  and  in  a  line  with,  the  thick  guides,  are  placed  three 
stands,  one  of  which  is  seen  at  o,  Fig.  1,  Plate  III.  These  support 
the  chamber  E,  and  the  wheel  cover  L.  The  lower  disc  of  this  cham- 
ber is  slotted,  so  that  the  guides  may  enter  the  chamber  when  the 
gate  is  raised,  by  means  of  the  hoisting  rods  which  pass  through  the 
thick  guides.  The  plates  represent  the  gate  fully  opened.  The  gate 
is  opened  by  lowering,  and  closed  by  raising  it,  so  that  when  the  gate 
is  first  opened,  the  water  is  admitted  into  the  wheel,  immediately 
under  the  crown,  and  the  depth  of  the  section  of  the  stream  passing 
through  the  guides,  is  increased  in  proportion  as  the  gate  is  opened. 
The  lower  edge  of  the  chamber,  and  the  upper  edge  of  the  gate,  are 
finished  so  as  to  form  a  close  joint  when  brought  into  contact.  The 
inner  edges  of  the  guides  are  1|  inches  distant,  radially,  from  the 
outer  edges  of  the  buckets. 

The  wheel  W,  is  72  inches  in  diameter  at  the  outer  edges  of  the 
buckets,  and  23-35  inches  in  depth  from  the  under  side  of  crown  to 
the  lower  edge  of  the  band.  It  has  25  buckets  of  bronze,  these  being 
formed  between  dies  in  a  press,  and  having  the  crown  plate  and  the 
lower  band  cast  upon  them  of  iron. 
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Fig.  2,  Plate  III,  is  a  horizontal  section  just  below  the  crown  plate, 
and  represents  the  form  of  the  bucket  for  the  first  six  inches  below 
the  crown. 

Fig.  3  is  a  development  of  a  portion  of  the  cylindrical  surface  of 
the  wheel  containing  the  outer  edges  of  the  buckets.  The  discharg- 
ing edge  of  the  bucket  lies  in  a  vertical  plane  passing  through  the 
axis  of  the  wheel,  and  is  parallel  to  this  axis,  from  the  under  side  of 
the  crown,  to  a  point  about  8i  inches  below  it,  and  from  this  point  is 
continued  in  the  form  of  a  quadrant  having  a  radius  equal  to  one- 
fifth  of  the  diameter  of  the  wheel,  and  having  its  centre  in  the  cylin- 
der forming  the  outer  circumference  of  the  wheel.  Thus  forming, 
in  connection  with  the  surface  of  the  adjoining  bucket,  an  outlet 
which  is  in  efiect  a  union  of  two  wheels,  an  inward  discharge,  and  a 
downward  discharge. 

The  following  measurements  were  made  at  the  mill,  before  the 
wheel  was  started: 

Vertical  distance  from  under  side  of  crown  to  the  lower  edge  of  the 
buckets,  .....  23-35    inches. 

Vertical  distance  from  the  under  side  of  crown 
to  the  top  of  band  B,      .  .  .  .13-285     ." 

Total  area  of  outlets  of  wheel  (25  in  number),     9-558  square  feet. 

Vertical  movement  of  speed  gate,         .  .  13'08    inches. 

Mean  shortest  distance  from  the  inner  edge  of 
one  guide  to  side  of  adjacent  guide  (24  in  number),    4-532        " 

Total  area  of  inlet  in  speed  gate,         .  .     0-880  square  feet. 


ON  THE  MOMENTS  AND  REACTIONS  OF  CONTINUOUS  GIRDERS. 


By  Mansfield  Merri.max,  C.  E., 

Instructor  in  Civil  Engineering  in  the  Sheffield  Scientific  School. 


(Continued  from  Vol.  Ixix,  page  215.) 

The  laws  by  which  the  tables  of  the  preceding  article  may  be  ex- 
tended can  be  stated  in  algebraic  language.  The  numbers  which 
follow  the  law  for  Case  I,  I  shall  designate  by  the  letters  6,,  b.,,  b^, 
etc.,  referring  to  them  in  general  as  the  series  b.  The  numbers  fol- 
lowing the  law  for  the  other  cases  will  be  represented  in  the  same 
way  by  the  letters  c.,,  e^,  c^,  etc.     In  the  discussion  of  these  scries  it 
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will  be  convenient  and  necessary  that  the  signs  of  the  numbers  should 
be  alternately  positive  and  negative,  as  shown  in  the  following  table : 


Series  h. 

Series  c* 

0  =  b, 

0  =  f?, 

l  =  h. 

1  =  0, 

l  =  b. 

-4  =  .3 

—2,  =  h, 

15  =  c, 

-4  =  5, 

—56  =  ^5 

11  =  6, 

209  =  ., 

(1). 

15  =  67 
-41  =  6, 

—780  =  ^7 
2911  =  ^8 

—56  =  6, 

-10864  =  (?9 

153  =  6,, 

40545  =  (?,„ 

209  =  6„ 

-151316  =  (?„ 

—571  =  6,, 

564719  =  ^12 

-780  =  6,3 

etc. 

2131  =  6,, 

etc.    . 

The  first  of  these  series  which  follows  numerically  the  law  for  Case 

I  is  represented 

by  the  following  equations 
62  = 

1 

(2) 

^2  —  ^3  = 
62+263+6,= 

-=63+6,-6,= 

*4+26,+6e= 

—^5+^6  —  ^7  = 
***** 

0 
0 

:0 
:0 

:0 

* 

^'.+26„+,+6^+2  = 

0 

:0 

where  the 

index 

m  is  an  even  number.     The  second   series   is  repre- 

sented  by 

the  equations : 

^2  = 

1 

(3) 

4<?2  +  ^3  = 
tf2  +  4e3  +  (?,= 

<?3  +  4<?4  +  ^o  = 
*        *        *        * 

0 

0 

0 
* 

- 

^r  +  4e,+l  +  <^r+2  = 

0 

*  The  numbers  composing  tins  series  are  usually  called  the  Clapeyronian  numbers, 
because  first  used  by  Clapeyron,  the  inventor  of  the  theorem  of  three  moments.  (See 
Comples  Rendus,  1857,  Vol.  xlv,  p.  1076.) 
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In  the  first  of  these  series,  if  we  eliminate"all  the  numbers  with 
even  indices,  we  have : 

^3  =  1 

453+5,=  0 

53+45,+5,=  0 

Hence  the  numbers  with  an  odd  index  in  the  series  b  arc  the  same 
as  those  of  the  series  e. 

Eliminating  all  the  numbers  with  an  odd  index  we  have  : 

h,  =  l 

362+64=0 

(4)  h,+U,-^b,  =  0 

6,+466+63=0 

Hence  all  even  5's,  except  b^,  follow  the  same  law  as  the  series  c. 

If  we  subtract  the  alternate  numbers  composing  the  series  6,  a 
new  series  may  be  formed,  which  will  be  designated  by  the  letter  c?, 
thus: 

b^  —  b.,  =  c?3 

4:         He         :(:         :f: 

6,+i  —  6,_i  =  d^ 
From  which  we  may  deduce  the  equations  for  c?, 

ct=l 

4(?2+(f3  =  0 

— c?,+<:?3 —  ^^4  =  0 

(6)  d^-\-1d,^d,  =  0 

-d.  +  i^+i-i„+,  =  0 
(^„+i  +  2d,„+2+(^^+3=0 
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Multiplying  together  (2)  and  (6),  equation  by  equation,  and  reduc- 
ing, we  have  : 

(7)  M2+4M3+M*  =  o 

63c?3+454c?^+5,c?5  =  0 

Therefore  h./i^=^  c^,  b^d^^c^,  b^d^^c^;  or  generally 

(8)  b,{b^+,-b^_,)  =  c^ 

Designating  by  I'c^.  the  sum  of  the  series  c  as  far  as  and  including 
c,  we  have  -c^  — -  ^e^_l  =  c^  =  b^b^^^  -  -  b^b^_-^,  and  since  this  is  true  for 
all  values  of  r,  we  have  the  important  relation: 

(9)  ^\  =  hA+. 

Further  it  is  evident  that  if  all  the  numbers  of  the  series  c  be  mul- 
tiplied by  the  same  number,  the  resultant  series  will  follow  the  same 
law.  Also,  if  there  be  two  series,  each  following  the  same  law  as  c, 
the  sums  of  the  corresponding  numbers  will  be  similar  series.  The 
same  of  course  holds  true  for  &.* 


■*  Many  otlier  interesting  properties  of  these  series  might  be  deduced,  but  the  above 
are  all  that  are  absolutely  required  for  the  purposes  of  the  present  paper.  A  few  of 
the  most  important  are  here  noted  as  matters  of  general  interest. 

By  the  addition  of  equations  (3)  we  get  the  sum  of  the  first  r  Clapeyronian  numbers, 

The  ratios    — ,  — ,  — ,     .     .     . ,  are   comprised  within  very  narrow  limits; 

'^3     ^4     ^5  <^r+] 

(?2  C. 

—  ^0-25,  and  when  r  is  infinite, =  0-26795.     The   following   formula    gives 

^3  ^r+l 

<?„  in  terms  of  (?„_i  • 

<?n  =  2(?^_i-[--/'8c^„_i  +  l  ;    or  approximately  C^  =  3-732Cn_i. 

The  relation  C^C^  —  <?r_i<?n_i  =  Cn-i-r_2  is  useful  in  the  reduction  of  complex  ex- 

c               c                                  c 
pressions.     The  ratios  — - — ? — , — ,     .     .     . ^ — ,  which  give  the 

^5  —  ^3     ^  —  ^5  ^2r+l  —  K-X 

inflection  jjoints  in  the  unloaded  spans,  arc  included  between  the  narrow  limits  0*2 
and  0-21133.     The  sum  of  the  first  m  numbers  in  the  series  b  is 

and  the  sum  of  the  first  m-\-\  numbers  is 

ib^+i  =  —I  (5^+2 — 1) ; 

m  being  an  even  number. 
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The  Theorem  of  Three  Moments  for  continuous  girders  -whose  sup- 
ports are  on  the  same  level  is  for  concentrated  loads, 

(10)  M,_,/,_i+2M,  {K-,  +  K)+^l^A=  ^Wr^  -  3/,a^+a^) 

and  the  reaction  at  the  rth  support  is : 

(11)  II.  =  ^^-  7  ^^--'  +  ^^-  -  ^^-^^+Z:  (/,  -  a)  +  J^«  ; 

where  a  is  the  distance  of  each  load  from  the  nearest  left  hand  support.* 
When  all  the  spans  are  equal  we  have  from  (10)  and  (11), 

(12)  M,_,+4M,+M,+,  =  Q-fQ'. 

(13)  K,=  i(2M,-M,_,-M^,)+?+9'; 

where  Q,  q,  etc.,  denote  the  terms  involving  P.  When  the  load  is 
uniform,  V  =  tvda,  and  the  corresponding  values  of  these  functions 
are  easily  obt;iined  by  integration  between  the  limits  a  =  0  and  a  =  L 

Putting =  k,  we  have  the  following  values: 

For  a  uniform  load, 

(14)  Q  =  Q'  =  livP;  q  =  q'  =  Iwl 
For  a  concentrated  load, 

(15)  Q  =  rZ(2y:-  — 3F+F);  Q'  =  P/(^  — F). 

q=V{\  —  k);   q'  =  ?k. 

Formula  (12j  can  be  applied  to  all  the  supports  except  the  two 
abutments  where  the  moments  are  zero.  Hence  if  there  be  « 
spans  we  have  «  —  1  equations  for  the  determination  of  the  s  —  1 
unknown  moments.  The  reactions  can  then  bo  found  by  writing 
«  H-  1  equations  of  the  form  of  (13),  .and  introducing  the  values  of 
the  moments. 


*  For  (he  demonstration  of  these  important  tlieorems,  see  La  Micanique  Appliqu^, 
Vol.  Ill,  by  Bresse,  or  Theoric  der  continuirlic/ieH  Tru;ji:r,  l,)y  Weyruucli. 
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Thus,  if  there  be  six  spans  all  uniformly  loaded,  the  equations  of 
moments  are 

4M2  +  M3=2Q 

M2-f4M3+M,=  2Q 

(16)  M3+4M,+M,=  2Q 

M,+4M,+M«=2Q 
M,+4Ms        =2Q 

and  by  ordinary  algebraic  methods  the  values  of  M2,  M3,  etc.,  may  be 
found.  When  the  number  of  equations  is  large,  however,  the  alge- 
braic processes  become  long  and  tedious,  and  it  is  here  that  the 
method  of  indeterminate  multipliers  becomes  particularly  applicable. 
By  way  of  illustration  1  shall  apply  the  method  to  the  above  equa- 
tions. Let  the  first  equation  be  multiplied  by  the  indeterminate 
number  e^,  the  second  by  c^^  the  third  by  c^,  etc.,  and  then  let  all  the 
equations  be  added  together,  we  have 

M,{4:C,^c,}+M,{e,-{-4c,+c,)^M,{c,-{-ic,+c,)-\-M,{c,+4c,^c,) 
-^M,{c,^^c,)  =  2Q{c,+c,-\-c,-^c,-^c,). 

Now,  in  order  to  obtain  Mg,  we  have  only  to  require  such  relations  to 
exist  between  the  indeterminate  multipliers  that  all  the  other  terms 
in  the  left  hand  member  of  the  equation  shall  become  zero.  This 
gives  us  the  equations  of  the  multiplier. 

(17)  (?2+4^3+(?,=  0 

c,^ic,^c,=  0 
and  the  values  of  c^,  e^,  etc.,  will  at  once  determine  Mg. 

(18)  Mg=2Q!?±^a±£i±£5±^6. 

The  values  of  c  may  be  perfectly  arbitrary,  provided  only  that 
they  satisfy  the  above  equations.  Following  the  practice  of  Clapey- 
ron,  it  is  usual  to  take  c^  as  unity,  hence  we  have  from  equations  (17) 

c.^=l,     c?3=— 4.     c?,=  ]5.     c,=  —56.     Cg=209. 

Substituting  these  values  in  (18)  we  have 

'  780         104 


4 
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The  other  moments  are  now  easily  obtained  direct  from    (16),  thus 

ll.=  2Q,  —  ^lL:=——wl\  etc. 
5  '104 


A  l\  2X  2i  ZS  H  ZS  S  "K 

I  2  3  4  r  r+'  S-l  S  S-H 

Let  us  now  apply  this  method  to  a  girder  of  s  equal  spans  uni- 
formly loaded  ;  the  equations  of  moments  are 

4M2  +  M3=2Q 
M,+4M3+M,=  2Q 
M3+4M,H-M5='iQ 

'I"         'I*         •!*  'P 

(19)  M,_,+4M,+M,+,=  2Q 

:)f.         :^         if.         ^ 

M,_,+4M,_,+M.+,=  2Q 
M._i+4M.  =2Q 

And  the  corresponding  multipliers  are 

^21   ^'v   ^4'  ^r'  ^i~V    ^t' 

Hence  we  have  at  once 

The  numerator  in  the  second  member  may  be  designated  as  2"^^, 
and  the  denominator  is  equal  to  — c^+n  since  c^_-^^-{-^c^-\-c^j^^=.Q, 
Hence 

M  =  -2Qii; 

but  from   (8)  and   (9)  we  have  c,^i=  5,^1(6,4.2 — 5J  and  ^c=hjb^^^^ 
therefore 

M  =  — 2Q— ^_. 

Since  the  girder  is  symmetrical  with  respect  to  its  centre,  we  must 
also  have 

(20)  M^M  =  -2Q_A 
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a  result  •which  might  be  found  by  changing  the  order  of  the  multi- 
plier, that  is,  multiplying  the  first  equation  by  c^,  the  second  by  Cg_i, 
the  rth  by  c^_^^n,  the  s — 1th  by  c^,  etc.,  and  deducing  Mj  by  exactly 
the  same  processes  as  given  for  M^. 

From  (19)  we  find  the  other  moments  in  terms  of  M^, 

M3=        2Q—   4M2 
M,=  —   6Q  +  I5M2 
M.=      24Q  — 56M2 
or  universally, 

M  =  2Q2Vi+^rM,. 

Substituting  the  values  ^c^_f=h^_^h^  and  c^^^b^ih^^^ — J^_i)  from  (8) 
and  (9),  we  have  after  reduction, 

(21)    •  M=2Q6,^A±2^i±li. 

If  there  bo  s+1  spans  we  find  in  exactly  the  same  way, 


M  =  2  Q  iK-A+,—  K+A+i 


TJierefore  the  numerators  and  denominators  of  the  coefficients  of  Q 
folloio  the  laio  of  the  series  b,  and  since  b^^2  ^"^^  ^s  have  different 
signs,  as  do  also  6j._j  and  b^^^,  the  sign  of  the  fractional  part  of  this 
coefficient  will  be  the  same  as  the  sign  of  b^.  The  moment  M^,  will 
then  always  be  positive.  Hence  the  moments  follow  the  law  as  given 
for  Table  A. 

A  similar  proof  may  be  made  out  for  the  reactions  in  Case  I. 
From  (21)  we  have  M^,,  Mj._i,  and  M^^^ ;  substituting  these  in  (13), 
and  putting  q'=q,  we  have,  after  reductions  by  equations  (8) 
and  (9), 


(22)  U=q 


_  ^  65^  Jr-l^s+2—  ^r+l^-s)  +  K+2—  K 


K-,.- 


Hence  the  reactions  also  follow  the  law  of  the  series  b,  and  since  this 
expression  can  be  placed  under  the  form, 

(23)  ^  T^r=Q^-hq, 

we  see  that  the  reactions  are  always  positive.     This  expression,  how- 
ever, fails  for  the  abutments,  since  it  is  deduced  under  the  supposition 
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that  the  load  exists  on  both  sides  of  the  support.  For  the  abutments 
we  have  from  (13),  by  placing  r  =  l  and  r=s  +  l, 

Ri=— y+^,  and  R,^j=  — _  +  5, 

and  reducing  by  the  substitution  of  Mj  and  M^  from  (18),  remember- 
ing that  2Q  =  ql,  we  have 

an  expression  which  must  be  always  positive,  since  J^+j  ^^  greater 
than  63. 

For  Cases  II  and  JZJ  I  shall  suppose  the  load  to  be  in  the  rth 
span  of  the  girder.     The  equations  of  moments  will  be, 

<?2  4M2     +M3    =0  C3 

C3  M2    +4M3    -fM,    =0         c^_, 

c,  M3    +4M,    +M,   =0         c,_, 

^^c         :»;         5t^         ^         ^ 

(25)  c,  M,_,+4M,    +M,+,=  Q       c,_,^.^    ■ 

***** 

^s-i         M,_2+4M,_,+M,    =0         c, 
c,  M3_i+4M3  =0         c, 

where  the  series  c,  which  is  written  on  the  left,  gives  the  multipliers 
for  determining  M^,  while  those  on  the  right  serve  to  find  Mg.  Q  and 
Q'  representing  in  general  two  different  functions  of  the  load,  we 
have 

AT  y^«-r+2"ry  <^9-r+l 

i»J.2 , 

(26)  M— Q^-+QV 

From  (25)  we  have 

M3=—  4M,, 
M^=      15M^,  etc. 

Or  universally,  if  m  be  less  than  or  equal  to  r, 
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(27) 


M„=(7^M,=  — c, 


Q^s 


Q'^s 


r+1 


and  if  m  be  equal  to  or  greater  than  r  +  1, 

Qv+QVi 


(27) 


s— m+2" 


's+l 


Hence  we  see  that  the  moments  follow  the  law  of  Clapeyron's  numbers. 
For  the  abutment  reactions  we  have  from  (13) 


(28) 


when  r=l,  'R^=—-^^q;  when  r  =  s,  R^^j  =— — -^+g; 
when  r>l,  Ri= — — ?;  when  r<s,  Rj^j= — — ?* 


For  the  other  reactions,  except  those  at  the  supports  adjacent  to  the 
loaded  span,  we  have  from  (13) 

n^^{m^-M^^,-^l^^,\  or  from  (27) 
(29)  ^ 


but  from  (3)  we  have  — c^__^ — c^^j=4c^  ;  hence 
(30) 


jy  ^         M2  «        M„ 


I 


I 


For  the  reactions  at  the  supports  adjacent  to  the  loaded  span  (when 
they  are  not  abutment  reactions)  we  substitute  (27)  in  (13)  and  obtain 
after  reduction, 


(31) 


Therefore  the  reactions  likewise  follow  the  same  law. 

It  v(.ill  be  noticed  that  all  the  tables  given  in  the  first  part  of 
this  article  are  here  presented  in  terms  of  a  few  constants,  and  the 
two  series,  h  and  c.  Formulae  (21),  (23),  and  (2-1)  give  the  moments 
and  reactions  for  the  case  when  the  whole  girder  is  uniformly  loaded, 
and  (27)  to  (31)  for  the  case  when  a  single  span  only  is  loaded,  while 
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the  constants  are  given  by  (14)  and  (15).  The  formulae  are  simple 
and  not  diflBcult  of  application,  and  may  perhaps  by  some  be  pre- 
ferred to  the  tables.  The  tables,  however,  present  the  quantities 
more  clearly  to  the  eye,  and  can  be  readily  used  by  those  unfamiliar 
with  the  reduction  of  algebrtiic  expressions. 


When  the  end  spans  are  of  different  lengths  from  the  others,  the 
above  method  is  also  with  slight  modifications  applicable.  Suppose 
such  a  girder  to  be  loaded  in  the  rth  span,  and  let  the  lengths  of  the 
first  and  last  span  be  designated  by  nl,  the  second  and  last  but  one 
by  pi,  the  others  as  before  by  I.  Referring  to  (10)  and  (11)  the 
functions  of  the  load  now  become  : 


(32) 


For  a 

uniform 

load. 


^  when  r  =  1  or  r  =  s;   Q  =  Q'  =  ^?vnH^. 
q  =:q'  =  ^wnl. 
when  r  =  2  ov  r=  8  —  1  ;  Q  =  Q'  =  liip^l'. 

q  =  q'  =  ^wpl. 

when  r  >  2  or  r  <  8  —  1 ;    Q  =  Q'  =  J  u'i\ 

q  =  q'  =  Iwl. 

'  when  r  =  1  or  ?•  =  .s ;    Q  =  Viri  {'2k  —  ok' 
-1-P).      Q'  =  V7in{k  —  k'). 


For 
a  single 
(33)  concentrated 
load. 


ry=P(l_7r).       q'  =  -pk.         k  = 


nl 


when  r=2  ox  r  =s  —  1;    Q  =  Vp-l (2k  — 
3F  -I-  k,).      Q'  =  VpH  {k  —  k'): 

q  =  V  (l  —  k).       q'  =  Vk.        k=—. 

pi 

when  r>2  or  r<  s— 1;    Q  =  P/(2A'-  — 

W-\k?).  Q'  =  Vlik  —  e). 

q  =  V{l—k).     q'  =  Vk.      k=!^. 


and  the  equations  of  moments  are : 

2M2(p+n)+M3p=0 

M,p  +  2M.,(p+l)-iM,  =  0 

M3+4M,  rM,=  0 

*        *         *         * 

Vot.  LXIX.— TfliRD  Series.— No.  4.— April,  1875. 
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(33)  M,_i+4M,-|-M,+i  =  Q 


7\l        tI        \ 1  I         pl       nl 

a A    ^    A S — S — i — Zi —  ZJ~        ZT"*      2S        A 

12  3  4-  V     vr+l  S-3        S-l  S       StI 

Multiplying  these  by  the  indeterminate  quantities  c^,  Cg,  c^,  etc.,  we 
get  at  once  the  values  of  M2  and  M^: 

M     =     ^^s-r+2H~Q  <^s-r+l 

(34)  kL^'l-Q^i±^QVi_ 

And  the  equations  of  condition  for  the  multipliers  will  be  : 

2{p^n)c.,-^pc^=0 

pC2  +  2(i?  +  l)<?3  +  ^4  =  0 

(35)  C3+4(?,+c,  =  0 

*         *         *         * 

As  before  it  will  be  most  convenient  to  assume  c^=\',  then  from 
(35)  we  have : 

c,  =  0 
C2  =  1 

—2p  —  2n 


(36) 


c.  = 


_  7^(4 +3j9) +72(4+4;?) 

_  -^  j3  (14+12p)  —  ri  (14+16p) 

_  jT,  (52+45jp)+w(52+6Qp) 
etc.,  etc., 
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bj  which  the  values  of  M^  and  M^  may  be  found  for   any  number  of 
spans,  the  load  being  in  any  assigned  span  r. 

Since  equations  (33)  and  (35)  are  of  the  same  form, 

or  universally, 

,37.        v;henm<r^l-       M„=.^^-±^+9:^, 

when  7n>r;       M„,=(7._„+., —     '  '       ^^^  .  - . 

The  laws  for  the  reactions  are  the  same  as  those  for  equal  spans 
when  7n>3,  or  7n<s  —  1.  For  other  values  of  m  they  are  best  found 
by  the  general  formula  (11),  by  placing  q  and  q'  for  the  terms  con- 
taining P,  remembering  that  q  corresponds  to  a  load  on  the  span 
following  the  support  considered,  and  q'  to  a  load  on  the  span  pre- 
ceding. 

If  in  the  foregoing  expressions  we  make  w  ^  0,  the  points  1  and  2! 
fall  together,  and  the  reactions  at  those  points  become  infinite  and 
opposed.  This  is  the  mathematical  condition  for  fastened  ends,  that 
is,  ends  where  the  tangent  to  the  elastic  curve  is  horizontal.  Ex- 
pressions (32)  to  (37)  will  therefore  give  all  the  moments  for  girders 
with  walled  in  ends,  when  all  the  spans  are  equal,  or  when  the  sp;ins 
nearest  to  the  ends  are  different  in  length.  Makinj:  n  =  0,  and 
changing  the  indices  so  that  they  correspond  with  the  sketch,  we 

I  Pl.  1  \  1  I  T>1     1 

I  S  S  A      J      S  A  P 

\         z  3  r  r+i         8  s+x 

have  for  the  moments 

,,..  whonm<r  +  l,     M,=  .,_^Q^'--+^  +  ^'"- 

when  m  >  r,     ^I,,  =  c^^         ^'''-'  +  ^'''- 


F'.-i  +  22X', 

where  Q  and  Q'  are  given  in  (32)  an<l  (33),  and  the  values  of  c  are, 

r„=l,  c,=  — 2,  ^2=4  +  3^.  .',=  — 14  — 12/>.  r,^.52  +  4.5p,  etc. 

From  these  simple  formula?  it  13  easy  to  get  the  values  of  the  mo- 
ments for  any  girder  whose  ends  are  fastened.  These  vahn  s  can 
also  bo  arranged  in  triangles,  since  they  follow  the  pame  laws  as   for 
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free  ends.  From  what  has  been  said  concerning  the  reactions  the 
reader  can  have  no  trouble  in  determining  them  also.  For  example, 
making  s  =  l,  we  have  a  simple  girder. 


i ^i^ — w 

From  (38)  we  get  at  once  the  moments,  Mi=P?(^  —  2F+FJ,  Mg^ 
Vl{¥—¥)-     From  (11)  Rj=3M_i— ^ +(^,   and   "R^^Z^h—^L+q', 

or  R— P(1_3F^2F),  and  R2=P(3F— 2F),  the  well-known 
expressions  for  that  case.  For  uniform  load  in  a  single  span  it  is 
only  necessary  to  use  the  corresponding  values  of  Q  and  Q'.  When 
there  are  many  spans  uniformly  loaded,  the  values  due  to  each  loaded 
span  should  be  found  and  the  results  added. 


COMPOUND  AND  NON-COMPOUND  ENGINES,  STEAM-JACKETS,  ETC. 
By  Charles  E.  Emmery,  C.  E.,  New  York. 


Herewith  is  presented  a  discussion  of  the  results  of  experiments 
made  at  Baltimore,  Md.,  in  May,  1874,  with  the  steam  machinery  of 
the  U.  S.  Coast  Survey  steamer  "Bache,"  under  the  general  direc- 
tion of  the  writer  (see  vol.  Ixix,  page  105),  and  of  the  results  of 
experiments  made  at  the  U.  S.  Navy  Yard,  Boston,  Mass.,  in  August, 
1874,  with  the  steam  machinery  of  the  U.  S.  Revenue  steamers 
"Rush,"  "Dexter,"  and  "Dallas,"  under  the  general  direction  of 
Chief  Engineer  Charles  A.  Loring,  U.  S.  N.,  and  the  writer.  (See 
vol.  Ixix,  page  197.  See  also  page  161,  showing  the  tank  used  for 
measuring  the  feed-water  during  the  experiments  with  the  "Bache.") 

The  detailed  reports  have  been  published  at  different  times,  and 
necessarily  involve  so  many  details  that  we  add,  as  convenient  for 
reference  from  time  to  time  as  we  proceed  with  the  discussion,  a  re- 
capitulation of  the  distinguishing  features  of  the  engines  tested,  and 
of  the  general  scope  of  the  two  series  of  investigations. 

Both  series  of  trials  were  made  with  the  vessels  secured  to  the  dock. 

1.  The  Coast  Survey  steamer  Bache  was  provided  with  a  compound 
engine  of  the  stecpled  type  (that  is,  the  smaller  cylinder  was  arranged 


1 
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above  the  other,  and  the  pistons  had  a  common  rod).  The  larger 
cylinder  was  steam-jacketed,  and  so  arranged  that  it  could  be  operated 
independently,  using  steam  of  the  same  pressure  and  with  the  same 
degree  of  expansion  as  when  both  cylinders  were  working  together  as 
a  compound  engine.  Trials  were  made  of  the  two  systems  of  workin^f, 
both  with  the  steam-jacket  in  use  and  when  the  same  was  disconnected, 
and  the  amount  of  water  collected  from  the  jackets  and  intermediate 
chamber  was  separately  weighed  and  noted.  All  the  experiments 
except  one,  were  made  with  an  approximate  steam  pressure  of  80 
pounds,  and  with  different  degrees  of  expansion  for  each  system  of 
working,  with  and  without  use  of  jacket.  The  indicated  power  was 
measured,  also  the  cost  of  the  same  in  steam  (shown  by  the  weight  of 
feed- water  used).  The  evaporative  efficiency  of  the  boiler  was  also 
determined. 

2.  One  of  the  revenue  steamers,  the  Rush,  was  provided  with  a 
compound  engine,  constructed  on  the  "  fore  and  aft"  system  (that  is, 
the  c^'^linders  were  at  the  same  level,  and  in  this  case  the  pistons  were 
connected  to  cranks  at  right  angles).  Both  cylinders  were  steam- 
jacketed.  The  other  two  revenue  steamers,  viz.,  the  Dexter  and 
Dallas,  had  non-compound  engines,  with  unjacketed  cylinders.  The 
compound  engine  of  the  Rush  was  operated  in  two  different  runs  at 
the  approximate  steam  pressures  of  70  and  40  pounds.  The  single 
engine  of  the  Dexter  was  operated  with  the  same  steam  pressures  and 
at  different  degrees  of  expansion  for  each  pressure.  The  engine  of 
the  Dallas  was  operated  at  an  approximate  steam  pressure  of  35 
pounds,  and  at  different  degrees  of  expansion.  The  boilers  were  all 
substantially  alike.  The  performance  was  obtained  by  measuring 
the  indicated  power  and  its  cost  in  steam,  as  shown  by  the  weight  of 
feed-water  used.  The  evaporative  efficiency  of  the  boilers  was  also 
ascertained  during  the  longer  experiments. 

From  the  two  series  of  experiments  may  be  gathered  the  following 
information,  viz. :  i.i   ::li 

1.  The  saving  by  the  use  of  a  steam-jacket  on  the  cylinder  of  a 
non-compound  engine,  and  the  larger  C3'linder  of  a  compound  engine.* 


*  Tlic  .eteain -jacket  on  the  larger  cylinder  of  tbe  steamer  Bache,  and  that  on  each  of 
the  cylinders  of  the  steniner  Rush,  were  supplied  with  Rtcani  in  the  following  nmniier : 
Btoam  was  first  a<lniitted  to  the  cavity  in  cylinder  cover,  from  which,  by  mcms  of  a 
pipe  leading  from  the  bottom  of  the  cavity,  it  was  conducted  to  the  side  jacket,  thereby 
keeping  the  cavity  in  cover  dear  of  water.     The  side  and  bottom  jackets  communi- 
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2.  The  relative  saving  that  may  be  obtained  by  the  use  of  a  com- 
pound pngine,  as  compared  with  a  single  engine,  operated  at  the  same 
or  a  different  steam  pressure,  or  at  the  same  or  a  different  degree  of 
expansion. 

3.  The  probable  value  of  a  steam  jacket  on  the  smaller  or  high- 
pressure  cylinder  of  a  compound  engine. 

4.  The  influence  which  the  size  of  a  steam  cylinder  has  upon  the 
economy  of  fuel. 

5.  The  relative  cost  of  the  power,  at  different  steam  pressures,  in 
compound  and  non-compound  engines. 

6.  The  most  economical  point  of  cut-off  for  the  steam  pressures 
employed. 

These  subjects  are  discussed  in  the  order  named,  and  paragraphs 
to  which  it  may  be  desirable  to  refer  are  designated  by  letters  affixed 
to  the  numbers  referring  to  the  subjects.  The  table  showing  the 
results  of  experiments  on  U.  S.  Coast  Survey  steamer  Bache  will  be 
designated  "Table  No.  1,"  and  that  showing  the  results  of  experi- 
ments with  the  Revenue  steamers,  "  Table  No.  2." 

1.  TuH  Advantages  of  the  Steam- Jacket — (1  A).  Referring 
to  Table  No.  1,  and  comparing  the  minimum  costs  for  each  method  of 
working,  we  find  that  the  single  cylinder  of  the  Bache  when  operated 
without  the  steam-jacket  required  (Exp.  13,  line  46),  26  247  pounds 
of  feed-water  per  indicated  horse-power  per  hour,  and  that  with  steam- 
jacket  in  use  there  was  required  (Exp.  16,  line  46)  but  23*154  pounds, 
showing  that  the  saving  by  the  use  of  the  steam  jacket  on  a  single 
cylinder  engine  worked  at  its  most  economical  point  of  cut-off  is  11"78 
per  cent.  With  more  expansion,  as  shown  by  comparing  the  previous 
experiments  for  each  method  of  working  the  jacket  produces  a  greater 
saving,  but  the  steam  is  in  all  cases  being  cut  off  too  short  for  maxi- 
mum economy,  as  will  be  discussed  hereafter. 

cated,  anfl  the  water  of  condensation  was  blown  from  latter  into  the  hot  well,  the  flow 
being  re.i^ulated  by  the  Engineer  to  maintain  a  water  level,  in  a  glass  gauge,  on  a  small 
chamber  in  the  drain-pipe. 

On  the  Bache,  when  operated  as  a  compound  engine,  the  steam  for  the  jacket  was 
taken  from  bottom  of  steam-chest  of  upper  cylinder,  thereby  keeping  that  drained. 
When  the  lower  cylinder  was  operated  as  a  single  engine,  the  steam  for  jacket  was 
taken  from  main  steam-pipe.  On  the  Rush,  the  steam  for  jackets  was  taken  directly 
from  the  boiler. 

It  will  be  shown,  in  discussing  experiments  other  than  those  above  mentioned,  that 
the  system  of  draining  the  steam-chests,  as  well  as  the  steam-jackets,  is  of  consider- 
able advantage. 
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(1  B.)  When  the  engine  of  the  Bache  was  operated  as  a  compound 
engine,  with  steam-jacket  not  in  use,  experiment  2  shows  a  cost  of 
23  036  pounds  of  water  per  I.  H.  P,  per  hour,  and  experiment  6  with 
steam  jacket  in  operation,  a  cost  of  20-332  pounds.  The  saving  in 
steam  by  the  use  of  the  jacket  on  the  larger  cylinder  of  a  compound 
engine  is  then  shown  to  be  11-73  per  cent. 

2.  Saving  by  use  of  Compound  Engine — (2  A.)  The  minimum 
cost  of  the  power  with  the  single  cylinder  of  the  Bache  and  steam- 
jacket  in  use,  experiment  16,  is  23-15-1:  pounds,  and  with  engine  com- 
pounded, and  steam-jacket  on  large  cylinder  in  use,  experiment  6,  it 
is  20-332  pounds;  so  the  compound  engine  was  operated  with  a  saving 
of  12'19  per  cent,  in  this  case,  as  compared  with  the  single  engine. 

(2  B.)  The  above  experiments  were  made  at  the  same  steam  pres- 
sure, but  with  a  less  degree  of  expansion  in  the  single  engine,  the 
steam  being  expanded  nearly  seven  times  (6-97.5)  in  the  compound 
engine,  and  but  little  more  than  five  (o"ll)  times  in  the  single  engine. 
With  the  steam  expanded  eight  and  one-half  times  (8-57)  in  the  single 
engine  (Exp.  15),  the  cost  is  24:-088  pounds  using  the  same  steam 
pressure,  so  the  compound  engine  shows  a  saving  compared  therewitli 
of  15*6  per  cent.  The  difference  increases  as  the  expansion  is  increased 
in  the  single  engine. 

(2  C.)  The  minimum  cost  of  the  power  with  the  single  cylinder  and 
steam  jacket  not  in  use,  experiment  13,  is  26-247  pounds,  and  with 
engine  compounded,  without  steam-jacket,  experiment  2,  it  is  23-036 
pounds,  so  without  using  steam-jackets  in  either  case,  the  compound 
engine  operated  with  a  saving  of  12-23  per  cent,  as  compared  uith 
the  single  en";ine. 

(2  D.)  With  steam-jacket  in  use  on  larger  cylinder  of  compound 
engine,  experiment  6,  and  not  in  use  on  single  engine,  experiment  13, 
the  costs,  as  before  stated,  were  respectively  20-332  and  26-247 
pounds,  showing  a  saving  by  the  use  of  the  former  under  conditions 
stated  of  22-54  per  cent. 

(2  E.)  In  the  experiments  with  the  revenue  steamers  it  will  be  seen 
(Table  No.  2,  line  76,  Exp  1  and  3)  that  the  relative  costs  of  the 
power  in  the  compound  engine  of  the  Rush  with  both  cylinders 
jacketed,  and  in  the  single  engine  of  the  Dexter,  with  unjacketed 
cylinder,  were  as  -7706  to  1-00,  corresponding  to  a  saving  by  the  use 
of  the  compound  engine  with  both  cylinders  jacketed,  as  compared 
with  an  engine  with  single  unjacketed  cylinder,  of  22-94  per  cent.,  or 
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practically  the  same  as  shown  on  the  Bache  with  only  the  larger  cyl- 
inder of  the  compound  engine  jacketed. 

(2  F.)  Assuming  that  a  steam-jacket  on  the  single  cylinder  of  the 
Dexter  would  have  reduced  the  cost  in  the  same  proportion  that  it 
did  in  the  Bache,  viz.,  11*78  per  cent,,  the  cost  of  the  power  in  the 
single  cylinder  engine  which  was  29'77  per  cent,  greater  than 'in  the 
compound  engine  (Table  No.  2,  line  74,  Exp.  1  and  3)  would  have 
been  reduced  (1-2977  X  11-78=)  15-29  per  cent.,  and  the  relative 
costs  would  have  been  as  1  to  1-1448,  equivalent  to  a  saving  of 
(1-1448  —1-00  X  100^1-1448=)  12-65  per  cent.,  by  the  use  of  the 
compound  engine  with  jacketed  cylinder,  as  compared  with  the  single 
engine  with  jacketed  cylinder. 

As  above  stated  (2  A),  the  experiment  with  the  Bache  showed  a 
saving  of  12-19  per  cent,  under  similar  conditions. 

The  experiments  do  not  furnish  conclusive  information  as  to  what 
the  relative  performances  of  compound  and  non-compound  engines  of 
larger  sizes  would  be.  It  seems  probable,  however,  that  in  such  case 
the  compound  engine  would  show  still  greater  advantages. 

In  the  revenue  experiments  above  cited  (2  E),  the  saving  of  22  94 
per  cent,  was  reduced  to  12-65  per  cent.  (2  F)  by  assuming  that  a 
steam-jacket  on  the  cylinder  of  a  single  engine  would  save  as  much  as 
it  did  on  the  Bache,  which  is  not  probable,  for  the  reason  that  the 
cylinder  of  the  Dexter  was  larger  than  that  of  the  Bache,  and  it  is  an 
evident  fact  that  the  ratio  of  -capacity  to  jacket  surface  decreases  as 
the  size  of  the  cylinder  is  increased.* 

This  reasoning  would  not  apply  to  the  experiments  made  on  the 
Bache  with  the  same  engine  operated  on  both  systems,  but  in  that 
case  the  compound  engine  was  not  constructed  for  maximum  economy, 
while  the  cylinder  used  for  the  single  engine  was  probably  as  good  as 
could  be  made.  The  latter  was  thoroughly  steam-jacketed  at  sides 
and  in  bottom  and  cover.  It  also  had  large  cylinder«ports,  and  the 
minimum  amount  of  space  in  clearances  and  passages.  Tight  pistons 
were  used  in  all  cases. f 

*  To  settle  the  'luestion  sis  to  the  economy  of  the  steam-jacket  on  a  single  engine  of 
practically  the  same  size  as  the  compound  engine  of  the  Rush,  arrangements  are  being 
made  for  a  series  of  trials  on  a  Revenue  steamer  recently  completed,  the  "Gallatin," 
which  has  machinery  adapted  for  the  purpose. 

■J-  It  wiil  be  interesting  to  add  that  the  direct  steam  connection  for  the  larger  cylinder  of 
the  Bache  was  originally  designed  by  the  writer  as  an  auxiliary  arrangement  to  be 
used  in  case  of  accident  to  the  other  cylinder,  and  the  drawing  provided  therefor,  a 
pipe  of  the  same  size  as  that  for  the  upper  cylinder.     The  contractors,  Messrs.  Pusey> 
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When  the  engine  of  the  Bache  was  used  as  a  compound  engine,  the 
upper  cylinder,  though  well  felted  and  lagged,  was  necessarily  exposed 
to  more  refrigerating  influence  than  in  compound  engines  on  the  "  fore 
and  aft"  system.  The  omission  of  the  steam-jacket  on  the  small 
cylinder  may  also  have  occasioned  some  slight  loss,  which  subject  is 
discussed  hereafter.  These  disadvantages  were  considered  in  the  first 
instance  as  of  less  consequence  than  the  saving  of  space,  etc.,  accom- 
plished by  adopting  the  system  in  that  particular  location,  but  in 
making  a  comparison  of  compound  and  non-compound  engines,  it  is 
proper  that  they  should  be  considered. 

Both  series  of  experiments  appear  to  show  then  that  the  compound 
engines  were  at  least  not  tried  at  any  advantage  as  compared  with  the 
single  engines ;  on  the  contrary,  the  indications  are  that  still  gi-eater 
comparative  economy  would  be  shown  by  the  compound  system  in 
larger  engines. 

8.  Value  of  Small  Cylinder  Jacket. — These  experiments  ap- 
pear also  to  corroborate  the  views  held  by  the  writer  at  the  time  the 
engine  of  the  Bache  was  constructed,  (1870),  viz.,  that  the  steam-jacket 
on  the  smaller  or  high  pressure  cylinder  of  a  compound  engine,  work- 
ing with  the  ordinary  degree  of  expansion,  was,  contrary  to  the  views 
of  Ilnnkine  on  the  subject,*  of  comparatively  little  value. 

(3  A.)  The  experiments  with  the  compound  engine  of  the  Rush, 
where  both  cylinders  were  jacketed,  compared  with  the  single  engine 
of  the  Dexter  with  unjacketed  cylinder  showed  a  saving  (see  2  E)  of 
22-U4  per  cent.,  and  in  experiments  on  the  Bache,  the  compound 
engine  with  jacket  on  large  cylinder  showed  a  saving,  compared  with 
single  cylinder  used  without  jacket  (see  2  D)  of  22-54  per  cent.,  so 
the  additional  jacket  on  the  small  cylinder  of  the  Rush  did  not  sensi- 
bly aifect  the  comparison  on  this  basis. 

(3  B.)  On  the  Bache  we  find  that  the  saving  by  the  use  of  a  com- 
pound engine  with  large  cylinder  jacketed,  as  compared  with  a  single 

Jones  &  Co.,  of  Wilmington,  Del.,  voluntarily  increased  the  size  of  this  pipe  so  that 
the  two  systems  could  be  fairly  tested  in  the  same  ajiparatus,  though  the  duties  of  (he 
vessel  were  such  that  it  was  not  convenient  to  make  the  trial  till  about  3^  years  after. 
This  same  firm,  shortly  after  the  construction  of  the  Bache,  built  also  the  first  of  the 
long  stroke  high-pressure  engines  which  revived  the  interest  in  that  system,  and  I 
observe  that  they  applied  the  steam-jacket  to  the  cylinder  and  connected  the  cylinder 
to  frames,  through  legs  cast  on  former  to  hinder  the  transmission  of  heat  to  latter,  the 
same  as  was  provided  for  in  drawings  furnished  for  the  engine  of  the  Bache. 

*  Kankinc  on  "The  Steam  Engine,"  Art.  280. 
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cylinder  used  with  jacket,  is  (see  2  A)  12-19  per  cent.,  and  by  indi- 
rectly comparing  the  performance  of  the  Bache  and  the  revenue 
steamers,  the  compound  engine  of  the  Rush  with  both  cylinders 
jacketed,  shows  a  saving  (see  2  F)  of  12-65  per  cent.  The  saving  by 
the  jacket  on  the  small  cylinder  could  not  then  be  more  than  (12'65 
—12-19=)  0-46  per  cent. 

(3  BB.)  It  is  probable,  however,  that  in  compound  engines 
constructed  on  the  "fore  and  aft"  system,  the  steam-jackets 
on  h(th  cylinders  heat  the  intermediate  steam  as  it  passes  from  one 
cylinder  to  the  other,  and  thereby  reduce  the  cost  of  the  power. 

(3  C.)  The  opinion  as  to  the  relative  value  of  the  steam-jackets  on 
the  two  cylinders  of  a  compound  engine  was  founded  upon  the  views 
of  the  writer  expressed  in  print  as  early  as  1866-7,*  which  were  in 
substance,  that  the  great  difference  between  the  theoretical  and  practi- 
cal performances  of  the  steam-engine  could  be  satisfactorily  accounted 
for  by  the  differences  of  temperature  to  which  the  interior  surfaces  of 
the  cylinder  are  practically  subjected.  The  metal  of  the  cylinder  is 
cooled  by  the  exhaust  steam  and  must  be  reheated  during  the  next 
stroke,  which  causes  condensation  of  part  of  the  incoming  steam;  the 
resulting  water  is  re-evaporated,  partially  during  the  expansive  por- 
tion of  the  steam  stroke,  but  mostly  during  the  next  exhaust  stroke, 
thereby  cooling  the  cylinder  again,  and  the  result  is  to  transfer  heat 
(by  the  alternate  condensation  and  re-evaporation  described)  directly 
to  waste  in  the  atmosphere  or  condenser.f 


*  U.  S.  ratent  No.  70,707. 

f  It  had  previously  been  suggested  that  a  portion  of  the  loss  could  be  accounted  for 
in  the  manner  indicated.  The  writer,  after  reading  the  account  of  Tyndall's  experi- 
ments, showing  the  facility  with  which  aqueous  vapor  radiated  and  absorbed  radiant 
heat,  and  finding  by  calculation  that  it  was  necessai'y  to  heat  and  cool  the  metal  of  a 
cylinder  during  each  stroke,  but  a  very  small  distance  below  the  surface  to  occasion  all 
the  loss  observed,  became  convinced  that  nearly  all  the  loss  could  be  accounted  for  in 
this  way,  and  it  occurred  to  him  that  if  the  interior  walls  of  the  cylinder  were  made 
of  non-conducting  material,  the  loss  would  be  greatly  reduced.  Accordingly  experi- 
ments were  made  by  the  writer  in  1866,  which  have  been  referred  to  in  several  pub- 
lications. The  following  brief  description  appeared  in  an  article  on  Compound  Engines 
in  the  American  Artisan  of  March  8th,  1871  : 

"  The  nature  of  the  los.s  was  proved  in  the  following  manner  :  I  constructed  two 
cylinders  of  like  dimensions,  one  of  glass,  the  other  of  iron,  in  such  a  manner  that 
either  could  be  attached  to  a  valve  which  regularly  admitted  steam  from  a  boiler  to  the 
cylinder  and  permitted  its  exhaust  into  a  condensing  coil  lying  in  a  tub  of  water. 
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A  full  discussion  of  this  branch  of  the  subject  would  occupy  too 
much  space  in  this  paper.  It  was  considered  that  the  range  of  tem- 
perature in  the  smaller  cylinder  of  a  compound  engine  is  generally 
less  than  in  the  larger  cylinder  and,  moreover,  that  any  heat  trans- 
ferred (so  to  speak)  past  the  piston  of  the  smaller  engine  would  do 
useful  work  in  the  second  cylinder.  These  views  are  apparently  sus- 
tained by  the  experiments,  but  it  should  not  be  assumed  that  the 
jacket  is  of  less  value  simply  because  high  pressure  steam  is  used  in 
the  smaller  cylinder,  and  that,  therefore,  a  jacket  is  unnecessary  for  a 
high- pressure  condensing  engine.  Quite  the  contrary  is  true,  for  in 
such  case  the  interior  surfaces  of  the  cylinder  are  exposed  to  a  varia- 
tion of  temperature  equal  to  that  in  both  the  cylinders  of  a  compound 
engine,  and  the  jacket  becomes  of  the  greatest  importance. 

(3  D.)  It  is  probable  that  the  steam-jacket  produces  economy  by 
drying  and  superheating  the  steam  near  the  heated  surfaces.  If  this 
be  done  promptly  the  heat  imparted  to  the  steam  assists  in  perform- 
ing useful  work  during  the  expansive  portion  of  the  stroke.  Even 
during  the  exhaust  stroke  the  dry  steam  near  the  surfaces  of  the 
cylinder  will  absorb  very  little  heat  compared  to  that  required  to 
evaporate  particles  of  water  which  are  always  present  when  no  jacket 
is  used.  The  dry  steam  can  only  absorb  heat  at  a  rate  proportioned 
to  its  specific  heat,  which  is  less  than  half  that  of  water.  The  watery 
particles  will  take  up  both  sensible  and  latent  heat,  or,  for  equal 
weights  under  actual  pressures  used,  about  two  thousand  times  as 
many  heat  units  as  the  dry  steam.  Could  the  steam  in  a  cylir)der  be 
discharged  simply  saturated  or  slightly  superheated,  either  by  pre- 
vious superheating  or  the  use  of  efficient  steam-jackets,  the  loss  would 
be  very  small.  At  high  expansions  this  is  impracticable.  Some 
water  is  always  present  and  in  its  evaporation  cools  the  metal  sur- 
faces somewhat,  and  it  is  always  better  to  re-supply  the  heat  from  the 
steam-jacket  than  by  condensation  of  incoming  steam,  as  in  the  latter 
case  the  resulting  water  of  condensation  remains  in  the  cylinder  and 
causes  increased  losses  in  the  manner  previously  indicated. 

"Tlie  capacities  of  tlie  two  cylinders  were  made  exactly  the  same,  as  was  shown  by 
transferring  water  from  one  to  the  other.  When  put  in  turn  in  the  conditioa  of  a 
steaiii-eiipine  cylinder,  the  iron  cylinder  used  (averaging  the  experiments)  fully  twice 
as  nuicii  steam  a»  Uie  glass  one,  shown  by  the  fact  that  twice  tiic  (|uunlily  of  water 
came  througli  tlie  condensing  coil  for  iJie  same  number  of  movcmcuts  of  llie  valve. 
Steam  of  the  same  pressure  was  used  iu  both  cylinders,  and  the  experimeuta  were 
many  times  repeated  with  substantially  the  same  results." 
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From  these  considerations  it  may  be  inferred  that  steam-jacketed 
cylinders  would  be  most  efficient  if  of  comparatively  small  diameter  and 
long  stroke,  in  order  to  obtain  as  much  surface  in  proportion  to 
volume  as  possible ;  and  that  for  unjacketed  cylinders  the  surface 
in  relation  to  volume  should  be  reduced  as  much  as  possible. 

4.  Economy  of  Steam  as  Influenced  by  the  Size  of  the 
Cylinder. — It  is  a  well  known  fact  that  large  engines  are  more 
economical  per  unit  of  power  furnished  than  small  ones.  It  is  related 
that  Watt  was  led  to  his  invention  of  a  separate  condenser  by  observ- 
ing  the  excessive  quantity  of  steam  required  to  operate  a  small  model 
engine  as  compared  with  that  found  sufficient  for  engines  of  practical 
sizes — the  vacuum  being  produced  in  both  by  admitting  the  condens- 
ing water  directly  into  the  steam  cylinder.  We  have  heretofore  called 
attention  to  the  fact  that  Watt,  in  producing  condensation  in  a  sepa- 
rate vessel,  only  partially  overcame  the  difficulty ;  steam  chilled  by 
the  performance  of  work  being  such  an  excellent  radiator  and  absorb- 
ent of  radiant  heat  as  to  cool  the  interior  surfaces  of  a  cylinder, 
upon  reduction  of  pressure  by  condensation,  even  in  a  separate  vessel, 
to  a  very  material  degree,  if  not  to  the  same  extent  as  if  the  water 
were  directly  admitted  to  the  cylinder.* 

The  manner  in  which  the  loss  takes  place  wa,s  discussed  under  the 
previous  heading,  and  it  is  evident  that  the  amount  of  heat  transferred 
to  waste  in  an  unjacketed  cylinder  will,  for  a  given  range  of  tempera- 
ture, vary  as  the  amount  of  metal  surface  and  inversely  as  the  volume 
of  steam  exposed  to  the  same.  As  the  size  of  the  cylinder  is  increased 
the  volume  increases  in  a  more  rapid  ratio  than  the  enclosing  surfaces, 
hence  the  loss,  relative  to  the  unit  of  volume  and  power,  decreases  as 
the  size  of  the  cylinder  is  increased. f 

(4  A.)  The  minimum  cost  of  the  power,  using  a  single  engine  with- 
out a  steam-jacket  was  on  the  Bache  (Table  No.  1,  Exp.  13,  line  43), 
26247  pounds  of  feed-water  per  horse-power  per  hour,  and  on  the 
Dexter  (Table  No.  2,  Exp.  3,  line  53)  it  was  23-857.     Again,  on  the 

*  The  subject  was  treated  in  this  manner  in  a  lecture  delivered  at  the  Sheffield  Scientific 
School  in  the  winter  of  1870-71,  which  never  having  been  completely  written  out  was 
not  published.  See  reference  to  Tyndall  experiments  with  radiant  heat  in  preceding 
foot-note.^ 

f  Tliis   statement   has  been  demonstrated  by  numerous  experiments,  particularly 
hose  referred  to  in  the  foot-note  on  page  105  of  the  present  volume,  and  may  be  con- 
firmed by  comparing  the  results  of  similar  experiments  in  the  two  series  herein  dis- 
<^ussed. 
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Bache,  using  compound  engine  and  jacket  on  the  larger  cylinder,  the 
cost  was  (Table  No.  1,  Exp.  6,  line  46)  20-332  pounds,  and  on  the 
Rush  (Table  No.  2,  Exp.  1,  line  53)  it  was  18-384  pounds.  The 
engine  of  the  Bache  was  smaller  than  that  of  either  of  the  other 
steamers,  and,  as  shown,  the  cost  was  in  both  cases  considerably 
more.*  We  have  already  pointed  out  that  the  relative  performances 
for  different  methods  of  working  in  one  series  correspond  well  with 
those  shown  by  the  other,  such,  for  instance,  as  the  saving  of  the  use 
of  the  steam-jacket  and  the  relative  economy  due  to  a  compound 
entwine,  but  we  now  find  that  the  actual  costs  shown  in  one  series  can- 
not  be  directly  compared  with  those  obtained  in  the  other. 

It  may  he  accepted  as  a  general  fact  that  an  experiment  made  with 
one  engine  cannot  be  used  directly  as  a  basis  of  comparison  except 
for  engines  of  similar  size  operated  under  similar  conditions.  The 
want  of  general  information  on  this  subject  has  often  caused  great 
misapprehension.  Engineers  have  again  'and  again  made  improper 
comparisons  and  often  have  conscientiously  draivn  directly  opposite 
conclusions  from  the  same  data,  when  neither  side  had  access  to  in- 
formation sufficiently  complete  to  refute  the  arguments  of  the  other. 

(4  B.)  Referring  to  the  experiments  under  discussion  we  find  that 
the  minimum  cost  of  the  power  with  the  jacketed  cylinder  of  the 
Bache,  non-compound  (Table  No.  1,  Exp.  16,  line  46)  was  23-15 
pounds  of  water  per  horse-power  per  hour,  and  that  with  the  unjack- 
eted  cylinder  of  the  Dexter  (Table  No.  2,  Exp.  3,  line  53)  it  was  but 
23-86  pounds.  Had  there  been  but  these  two  experiments  to  com- 
pare, many  would  naturally  have  held  that  there  was  little  or  no 
economy  in  the  steam-jacket,  and  it  is  only  by  having  the  extended 
series  of  experiments  on  the  "Bache"  with  and  without  the  use  of 
jackets  on  the  same  cylinder,  that  we  are  enabled  to  prove  that  there 
is  economy  in  the  use  of  the  jackets;  and  by  comparing  experiments 
with  engines  of  different  sizes  to  show  further  that  the  actual  per- 
formances of  different  engines  are  not  directly  comparable,  while  the 
relative  performances  for  each  engine,  operated  under  different  con- 
ditions, are  properly  comparable  with  similar  relative  performances 
of  other  engines. 

(To  be  continued.) 

*The  fliflFerence  in  performance  between  the  Rush  and  tlie  Bache  niaj-  also  l)c  par- 
tially accountetl  for  by  the  fact  tiiat  tliere  were  steam  jackets  on  both  cylinders  of  the 
Rush,  which  were  so  arranged  as  to  heat  the  intermediate  steam,  and  thereby  cause 
economy  in  the  manner  referred  to  above  at  (3  13B.) 
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EXPERIMENTS  MADE  AT  THE  MARE  ISLAND  NAVY-YARD,  CALIFORNIA,  WITH 

DIFFERENT  SCREWS  APPLIED  TO  THE  UNITED  STATES  STEAM 

LAUNCH  NO.  4,  TO  ASCERTAIN  THEIR  RELATIVE 

PROPELLING  EFFICIENCY. 


By  Chief  Engineer  B.  F.  Isderwood,  U.  S.  N. 


During  the  time  the  writer  was  chief  engineer  of  the  Mare  Island 
navy-yard,  he  made  the  experiments  hereinafter  described  with  the 
different  screws  applied  by  him  to  the  United  States  steam-launch 
No.  4,  attached  to  that  yard.  These  experiments  were  promptly 
authorized,  on  the  application  of  the  writer,  by  Admiral  Porter,  then 
at  the  head  of  the  Navy  Department,  without  whose  liberal  support 
they  could  not  have  been  made. 

The  machinery  of  the  launch,  designed  by  Mr.  William  R.  Eck- 
hart,  the  superintendent  of  machinery  at  the  navy-yard  and  formerly 
an  engineer  in  the  Navy,  was  completed  in  the  autumn  of  1869, 
before  the  arrival  of  the  writer.  In  the  conduct  of  the  experiments, 
all  of  which  were  projected  and  made  by  the  writer  in  person,  Mr. 
Eckhart  rendered  most  valuable  assistance. 

The  principal  objects  of  the  experiments  were  to  ascertain,  1st. 
The  relative  economic  propelling  efficiency  of  screws  of  the  same 
diameter,  uniform  pitch,  and  number  of  blades,  but  of  different  frac- 
tions of  the  pitch.  2d.  The  relative  economic  propelling  efficiency  of 
two-bladed,  four-bladed,  and  Mangin  screws,  having  the  same  diame- 
ter, uniform  pitch,  and  fraction  of  pitch ;  in  other  words,  having  the 
same  quantity  and  kind  of  surface.  3d.  The  relative  economic  pro- 
pelling efficiency  of  a  screw  of  the  same  diameter  as  the  others,  and 
having  the  same  fraction  of  pitch  as  one  of  them,  but  three  blades 
and  a  greater  pitch  expanding  from  the  forward  to  the  after  edge  of 
the  blades.  4th.  The  relative  economic  propelling  efficiency  of  this 
three-bladed  screw,  converted  into  a  Griffith  screw. 

To  ascertain  the  foregoing  facts,  there  were  to  be  determined  for 
each  screw  and  for  different  speeds  of  vessel  with  the  same  screw,  the 
gross-effective,  indicated  horse-powers  developed  by  the  engines;  the 
pressure  per  square  inch  of  pistons  required  to  work  the  engines  per 
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«e,  or  disconnected  from  the  screw  ;  the  resistance  of  the  vessel  per  se, 
by  dynamometer ;  the  speed  of  the  vessel ;  the  slip  of  the  screws,  and 
the  friction  of  their  respective  surfaces  on  the  water.  These  quanti- 
ties enable  the  distribution  of  the  whole  power  exerted  to  be  accu- 
rately computed,  and  the  values  of  the  parts  applied  to  produce  the 
different  effects  ascertained. 

Incidentally  to  the  experiments,  the  economic  vaporization  of  the 
boiler  with  anthracite  Avas  ascertained ;  and  the  power  exerted  by  the 
engines  to  give  the  three-bladed  screw  a  certain  number  of  revolu- 
tions per  minute,  with  the  vessel  held  stationary  to  the  wharf. 

Before  narrating  the  experiments,  it  is  necessary  to  give  the  fol- 
lowing description  and  dimensions  of  the  hull  and  machinery  em- 
ployed : 


HULL. 


The  hull  is  of  wood.  Its  submerged  surface  is  not  coppered,  but 
was  kept  well  painted  and  cleaned  during  the  experiments.  "With 
the  vessel  at  the  below  draught  of  water  (at  Avhich  the  experiments 
were  madej,  the  top  of  the  rail  at  the  bow  is  6  feet  above  the  water- 
line  ;  at  the  center  of  the  vessel's  length,  3  feet  3  inches ;  and  at  the 
stern,  4  feet  3  inches.  There  is  a  house  on  the  deck,  6  feet  8  inches 
wide,  38  feet  9  inches  long,  and  rising,  as  a  mean,  3  feet  9  inches 
above  the  top  of  the  rail.  The  rudder  is  of  metal,  and  counter- 
balanced. 


Length  on  load  water-line,  from  forward  edge  of  rab 

bet  of  stem  to  after  side  of  sternpost,     . 
Extreme  breadth  on  load  water-line, 

(  Forward 
Depth  of  hull,  from  load  water-line)  at 

to  lower  edge  of  rabbet  of  keel,       |  Af^ 

(  Forward 
Depth  of  the  keel  below  the  lower  J  ^.r 

edge  of  its  rabbet, 


Load-draught   of   water   from    the 
bottom  of  the  keel, 


54-40  feet. 
11-88  feet. 

2-457  feet. 
3-15G  feet. 
3  855  feet. 

0  500  foot. 
0-729  foot. 
0-958  foot. 

2-957  feet. 
3-885  feet. 
4-813  feet. 
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Area  of  the  greatest  immersed  transverse  section  at 

load-draught, 24-98  sq.  ft. 

Area  of  the  load  water-line, 456-54  sq.  ft. 

Area  of  the  immersed  external  surface   of  the   hull 

proper,  exclusive  of  keel  and  rudder,      .         .         .  603*00  sq.  ft. 

Area  of  the  immersed  external  surface  of  the  hull, 
inclusive  of  keel  (100-8  square  feet)  and  rudder 
(132  square  feet), 717-00  sq.  ft. 

Displacement,  per  inch  of  draught,  at  load  water  line,     38-045  cu.  ft. 

Displacement,  per  inch  of  draught,  at  load  water  line,       1  0891  ton. 

Displacement,  to  load  water-line,       ....  814-100  cu.  ft. 

Displacement,  to  load  water-line,       ....     23-3053  tons. 

Distance  of  the  greatest  transverse  section  abaft  the 

middle  of  the  length  of  the  load  water-line,  342  feet. 

Heio-ht  of  the  metacenter  above  the  center  of  dis- 
placement,     4-93  feet. 

Depth  of  the  center  of  displacement  below  the  load 

water-line, 1*09  feet. 

Center  of  displacement  abaft  the  middle  of  the  length 

of  the  load  water-line, 2-26  feet. 

Ano-le  of  dead-rise  at  the  greatest  transverse  section,     13|  degrees. 

Ratio  of  the  area  of  the  greatest  immersed  transverse 
section  to  the  area  of  its  circumscribing  parallel- 
ogram,          0  6663 

Ratio  of  the  area  of  the  load  water-line  to  the  area  of 

its  circumscribing  parallelogram,  .          .         .        0-7064 

Ratio    of     the    displacement   to    its     circumscribing  , 

parallelopipedon, 0-3991 

Ratio  of  the  length  of  the  hull  on  the  load  water-line 

to  its  breadth, 4-5791 

In  the  following  table  will  be  found  the  areas  of  the  greatest  im- 
mersed transverse  sections,  areas  of  water-lines,  displacements,  and 
anf^lcs  at  bow  and  stern,  for  different  water-lines;  commencing  at  the 
load  water-line  previously  given,  and  descending  by  vertical  depths 
of  6  inches.  These  water-lines,  it  must  be  observed,  are  parallel  to 
the  load  water-line  corresponding  to  the  vessel's  draught  of  water, 
forward  and  aft,  previously  given : 
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Number  of 
water-line. 

Depth,  in 
lower  e< 
bet  of  k 
ter  line. 

feet  from 
gc  of  rab- 
eel  to  wa- 

£  T.  o  o  - 
"-  o^  ^~ 

mm 
< 

Forward. 

Aft. 

7  

6 

2-457 
l-9.i7 
1-457 
0-9.^7 
0-457 

3-855 
3-355 
2  855 
2-3.55 
1-855 
1-355 
0-855 

34  98 
1904 
13-26 
7-93 
3-62 
1-25 
0-35 

5  

4  

3  

2  

1 

456-54 
421-26 
.37086 
294-71 
188-16 
81-90 
2604 


814-100 
593-915 
395-.360 
228-025 
105-980 
10  090 
15-4T0 


Angles  oi 
water 
lines. 


Bow 

Stern 

o 

o 

38 

77 

37 

56'x; 

34  U 

48 

30 

35 

l'.'><^ 

22"..; 

8 

UU 

*'A 

3'^. 

From  the  following  dimensions  the  fonii  of  the  immersed  solid  of 
the  hull  can  be  ascertained.  They  are  ordinates  to  the  curves  of  the 
Avatcr-lines  formed  by  the  out.^ide  of  the  planking,  and  are  given  in 
feet  from  the  forward  and  aft  center  line  of  the  hull.  That  line  is 
divided  into  sixteen  equal  parts  of  3-4  feet  each,  and  the  correspond- 
ing transverse  sections  are  numbered  from  1  at  the  stem  to  17  at  the 
stern;  from  each  point  of  division  a  right-angled  ordinate  is  erected 
on  which  the  dimensiors  referred  to  apply. 

The  water-lines  are  6  inches  apart,  measured  vertically.  They  are 
not  parallel  to  the  rabbet  of  the  keel,  but  to  the  surface  of  the  water 
when  the  vessel  has  the  drauglit  of  water  forward  and  aft  as  given 
above.  "Water-line  A  is  at  the  water-level,  water-line  I)  is  6  inches 
below  A  and  parallel  to  it,  and  so  on. 


Water  lines  6 
iiu-hes  ajmrt: 
vertically.  A' 
bcinf;  at  the; 
water-level. 


Ordinate?,  in  feet,  from  the  central  forward  and  aft  line  of  tbc  hull  to  (he 
outside  of  the  I'lankins?  on  eai^h  triin.«ver.so  section  of  the  immersed  Holid 
of  the  hull,  as  numbered  below,  Xo.  1  belnj^at  the  stem  and  No.  17  at 
the  stccu.    DistaDco  of  the  fcraafv.orse.  aoctiuus  iij>iirt,.8-4  feet. 


1-;  1  «■ 

1 

o 

■^        I-        /        -■       s       t-1 
^.       -^       '- 

^ 

S     2 

to     1    to 

6 

1 

.V 0-12  0-72  1-79  2-94  4-02  4*88   6-46  6-78  fi-90  594  5-90  5-T8  6-.50  5-08  4-20 

H o  1-2  0-.i7   1-41  2-50  3-.5.S  4-.50  5-J4   566   5  K4   5  W   5-84   5-66   5-26   4-tJO  3-42 

(' 0-V2  0-40   1-06  200  .3-01   4-00  4-76   5-25  5-.54  .V61   5-52  5-22  4*63  R  76  2-47 

1) 012   0-25  0-67  l-:iti   'l-\^  304   3-^5   4-50  4-91    ii-ilO   4-S2   4-31    3-54    •2-tiO    ]-i)0 

i; 0-2  o-l(S  0-:j9  0  75    1-28    l-8."i  244   292  3-25  8-34  320   2-78  2-.0    \-'.t\  O-'.M 

K 0-12   016   0-24  0  35   0-.50   068   O-OO   1-14    1-40   l-.'.O   1-42    1-25   0-OS   0-70  0-46 

(} 0-12  012   012  012   012  013  0-14   0-21    0-34  045  048  0-40  0-;i9   0-30   0-22 

II 0-12   0-12  0-12  012  0-12   012  012   012   012  012  012  012   013  014  014 

1 •. 0-12  0-12  0  12  0-12  0-12  0-12  0-12  0-X2  012  O-lif  P'U  912  ^»12  ft-l:i  0  12 


2-68  0-80 

1-75  0-12 

103  0-12 

0-62  0-12 

0-42  0-12 

(1-28  0-12 

0-14  0T2 

013  0-12 

0-12  0-12 
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ENGINES. 

There  are  two  direct-acting,  non-condensing  engines.  The  cylin- 
ders are  vertical,  and  are  placed  immediately  above  the  crank-shaft, 
■with  their  connecting-rods  working  downward.  The  cylinders  rest 
upon  columns  supported  in  turn  upon  a  cast-iron  bed-plate,  which 
contains  the  crank-shaft  journals.  The  valve-chests  of  the  cylinders 
are  placed  between  the  cylinders,  back  to  back.  There  are  two  small 
slide-valves  to  each  cylinder,  one  at  each  end,  connected  in  the  chest 
by  rods.  These  valves  work  with  the  full  pressure  of  the  steam  upon 
their  backs,  and  receive  their  movement  direct  from  two  eccentrics 
and  a  Stephenson  link.  They  have  no  lap  on  the  exhaust  side,  but 
suflEicient  steam-lap  to  cut  off  the  steam  at  0-858  of  the  stroke  of 
the  piston  from  the  commencement  when  in  full  gear.  In  this  state 
the  steam  is  released  when  the  piston  has  completed  0-96  of  its 
stroke,  and  the  cushioning  commences  at  0*94  of  the  stroke.  The 
Stephenson  link  is  connected  directly  to  the  head  of  the  valve-stem. 

The  cranks  for  the  after-cylinder  are  forged  in  the  crank-shaft. 
For  the  forward  cylinder  there  is  but  one  crank ;  it  was  forged  sepa- 
ratel}^  and  keyed  on,  and  its  pin  is  overhung.  The  crank-shaft  has 
three  journals,  one  for  the  forward  cylinder  and  two  for  the  after 
cylinder.  The  thrust-collars  are  forged  on  the  crank-shaft,  and  their 
pillow-block  is  supported  on  the  engines'  bed-plate.  There  are  no 
collars  on  the  screw  or  line  shafting. 

The  feed-pump  is  worked  direct  from  an  eccentric  on  the  crank- 
shaft between  the  engines.  This  pump  is  slightly  inclined,  is  single 
actinr',  and  the  eccentric-rod  is  articulated  to  the  bottom  of  the 
pump-plunger. 

The  feed-water  is  fresh,  and  is  carried  in  a  tank ;  before  it  enters 
the  boiler,  it  is  passed  through  a  heater  supported  on  the  top  of  the 
boiler,  and  has  its  temperature  raised  to  about  125°  Fahrenheit  by  the 
exhaust  steam.  This  heater  consists  of  an  outer  and  inner  pipe, 
placed  concentrically;  the  exhaust-steam  being  within  the  inner  pipe 
and  the  feed- water  being  in  the  annular  space  between  the  two  pipes. 

The  exhaust-steam  after  passing  through  the  heater  is  thrown  into 
the  chimney  of  the  boiler,  and  accelerates  its  draught. 

The  ^ides  of  the  cylinder  are  felted  and  lagged,  also  all  the  steam 
pipes. 

The  following  are  the  principal  dimensions  of  the  engines,  namely; 
Number  of  cylinders,  .....         2 

Diameter  of  cylinders,  .....         6|  inches. 
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Diameter  of  piston-rod,         ..... 

Stroke  of  pistons,  ...... 

Net  area  of  both  pistons,  exclusive  of  piston  rods. 
Space   displacement  of  both   pistons,   exclusive    of 

piston-rods,         .         .         . 
Clearance  of  the  pistons, 
Length  of  steam-port,    . 
Breadth  of  steam-port, 
Area  of  steam-port. 
Length  of  exhaust-port, 
Breadth  of  exhaust-port. 
Area  of  exhaust-port,     . 
Space  comprised  in  the  clearances  and  passages  of 

one  end  of  both  cylinders. 
Number  of  crank-shaft  journals,     . 
Diameter  of  crank-shaft  journals. 
Length  of  crank-shaft  journals. 
Diameter  of  crank-pin  journals. 
Length  of  crank-pin  journals. 
Diameter  of  cross-head  journals. 
Length  of  cross-head  journals, 
Area  of  main  guide-gib. 

Diameter  of  main  connecting-rod  in  the  necks. 
Length  of  main  connecting-rod  between  centers  of 
journals,  ...... 

Diameter  of  feed-pump  (single-acting  plunger). 

Stroke  of  feed-pump  plunger, 

Width  of  eccentric-straps,       .... 

Length,  forward  and  aft  the  vessel,  occupied  by  the 
engines,     ....... 

Breadth,  athwartship,  occupied  by  the  engines. 
Height  of  the  engines  above  axis  of  crank-shaft 
Number  of  thrust-collars  on  screw-shaft. 
Projection  of  thrust-collars  beyond  screw-shaft, 
Thickness  of  thrust-collars  on  screw-shaft. 
Heating  surface  in  feed-water  heater. 
Net   Avcight   of  engines,  including  crank-shaft,  but 

excluding  everything  else,  ....  1400  pounds. 


1|  inches. 
8  inches. 
70-57-t  sq.  in. 

564-592  cu.  in. 
I  inch. 
4  inches, 
f  inch. 
2^  sq.  in. 
4  inches. 

1  inch. 
3|^  sq.  in. 

26-4  cu.  in. 
3 

2^  inches. 
3J  inches. 

2  inches. 
2  inches. 
\\  inches. 
1]-  inches. 

18-28  sq.  in. 
K  &  l/«  in. 

19  inches. 
2^-  inches. 
2^  inches. 
I  inch. 

36  inches. 
27  inches. 
42  inches. 

5 

,1  inch. 

^  inch. 
260  sq.  in. 
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BOILER. 

There  is  one  boiler  of  the  horizontal  fire-tube  type,  with  the  tubes 
returned  by  the  sides  of  the  furnace. 

The  shell  is  a  horizontal  cylinder  of  49  inches  outside  diameter, 
and  6  feet  6  inches  extreme  length,  with  flat  ends.  The  fr,ont  end 
is  the  front  tube-plate  for  the  tubes,  and  the  uptake  is  of  sheet-iron 
made  separately,  and  bolted  to  the  front  of  the  shell. 

There  is  one  furnace,  and  it  is  contained  in  a  cylinder  of  2  feet 
inner  diameter,  and  4  feet  llj  inches  extreme  length.  In  this  cylin- 
der are  the  grate-bars  and  the  bridge-wall.  The  grate-bars  are  4 
feet  3  inches  long,  and  the  average  breadth  of  the  grate- surface  is 
1 -90  feet. 

The  top  of  the  grate-bars,  at  the  front  of  the  furnace,  is  one  foot 
below  the  furnace  crown;  and,  at  the  back  of  the  furnace,  1  foot  4 
inches  below  this  crown ;  the  breadth  of  each  grate-bar  is  9-16  inch, 
and  the  width  of  the  air-spaces  between  them  is  f  inch.  The  least 
water-space  between  the  furnace  and  the  shell  is  at  the  bottom  of  the 
latter,  and  is  3  inches  wide,  including  thicknesses  of  metal. 

The  opening  for  the  furnace-door  is  a  semicircle  of  20  inches  radius. 
The  door  is  of  wrought  iron,  hinged  at  the  bottom  and  latched  at  the 
top.  It  has  a  perforated  lining-plate  for  the  distribution  of  air,  and 
two  registers  for  the  admission  of  air  above  the  incandescent  fuel. 
The  aco-regate  air-opening  in  the  two  registers  is  13*5  square  inches. 

The  bridge-wall  is  an  iron  casting  faced  with  brick.  Its  top  is  6 
inches  above  the  top  of  the  grate-bars,  and  its  width  is  5  inches. 
The  height  from  the  crown  of  the  furnace  to  the  top  of  the  bridge- 
wall  is  10  inches. 

The  back  smoke-connection  has  a  flat  top,  a  flat  back,  and  a  flat 
front.  The  sides  and  bottom  are  concentric  with  the  boiler-shell, 
from  which  they  are  separated  by  a  water-space  3  inches  wide,  in- 
cludincr  thicknesses  of  metal.  The  flat  water-space  between  the  ba.ck  of 
the  connection  and  the  end  of  the  shell  is  3  inches  wide,  including 
thicknesses  of  metal.  The  extreme  height  of  the  connection  in  the 
clear  is  29J-  inches.  The  front  of  the  connection  iis  the  ^ack  tube- 
plate  Qf  the  tubes. 

The  tubes  are  returned  along  each  side  of  tlie  furnace,  the  top  of 
the  upper  r^w  being  3|  inches  above  the  furnace-crown.  The. tubes 
are  of  iron,  lap-welded.  Six  of  them  are  1\  inches  in  outside  diame- 
ter, and  the  remaining  fifty-four  are  2  inches  in  outside  diameter. 
Their  metal  is  1-10  of  an  inch  in  thickness.  The  tubes  of  each  row, 
horizontally,  are  placed  opposite  the  spaces  betAveon  the  tubes  of  the 
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row.  above  and  below.  The  least  ■water-space  between  the  tubes  is  f 
of  an  inch  in  the  clear.  The  tube-plates  are  of  J  inch  thick  metal, 
and  the  length  of  the  tubes  in  the  clear  of  the  plates  is  -A  feet  10^ 
inches. 

The  uptake  is  a  construction  of  sheet-iron  separate  from  the  boiler- 
shell,  and  bolted  to  it.  The  outer  periphery  is  concentric  Avith  the 
boiler-shell,  and  the  inner  periphery  is  concentric  "with  the  furnace. 
The  front  projects  over  the  fire  room  4f  inches  at  the  bottom  and  13 
inches  at  the  top.  On  this  inclined  surface  are  two  uptake-doors  op- 
posite the  tubes.  They  are  hinged  at  the  top  and  latched  at  the 
bottom,  and  are  of  sufficient  area  to  embrace  all  the  tubes.  From 
the  top  of  the  uptake,  (at  the  level  of  the  top  of  the  boiler  shell) 
which  is  rectangular  in  horizontal  section,  the  chimney  is  drawn  in  to 
a  circle  of  10|  inches  inner  diameter  at  the  height  of  20  inches  above 
the  top  of  the  shell.  At  this  height  the  upper  cylindrical  part,  4  feet 
6  inches  high,  is  hinged  on.  The  chimney,  for  the  whole  height  above 
the  top  of  the  shell,  is  surrounded  by  an  air-jacket  of  14 1  inches 
outside  diameter,  perforated  -with  a  row  of  holes  at  top  and  bottom. 

Immediately  over  the  boiler-shell,  and  connected  to  it  by  a  jiipe  of 
8  inches  diameter,  is  a  boiler-plate  cylinder  with  flat  ends  serving  for 
steam-room  additional  to  what  the  upper  part  of  the  shell  contains. 
The  inner  diameter  of  this  cylinder  is  15  inches,  and  its  inner  length 
is  4  feet  11]  inches.  It  is  of  f  inch  thick  iron,  and  its  upper  part 
contains  a  dry-pipe,  of  3  inches  diameter,  extending  its  whole  length 
and  perforated  along  the  upper  side.  The  steam-pipe  to  the  engines 
is  an  extension  of  this  dry-pipe.  The  hole  in  the  top  of  the  boiler- 
shell  within  the  8  inches  diameter  pipe  is  4  inches  diameter,  and 
through  it  the  steam  passes  to  the  cylindrical  steam- room  from  the 
shell.  The  space  between  the  top  of  the  boiler-shell  and  the  bottoui 
of  tiie  cylinder  is  3J  inches. 

The  cylindrical  portion  of  the  shell  is  of  J  inch  thick  iron.  Its 
flat  ends,  and  the  flat  back  of  the  smoke-connection,  are  of  \  inch 
thick  plate.     All  seams  are  double  riveted. 

In  the  front  of  the  shell,  opening  into  the  uptake,  is  an  elliptical 
man-hole  with  diameters  of  11  and  14  inches.  And  in  the  lower 
portion  of  this  front,  beneath  the  uptake,  are  two  elliptical  hand- 
holes,  with  diameters  of  2^  and  5  inches. 

The  entire  exterior  of  the  boiler-shell  is  felted,  lagged,  and  cov- 
ered with  sheet-iron. 

(To  be  continued.) 
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NEW  PROCESSES  IN  PROXIMATE  GAS-ANALYSIS. 


By  Professor  Henry  Wurtz,  of  New  York. 


[^  Communicated  in  part,    with  Experimental  Illustrations,   to  the    American    Gas-Light 
Association,  October  22,  1874.] 


(Continued  from  Volume  Ixix,  page  226.) 

If,  hoAvever,  the  gas  be  strongly  sulphuretted,  this  plan  will  not  do, 
as  sufficient  sulphuric  anhydride  is  then  set  free  to  act  appreciably 
on  the  hydrocarbons  present,  both  by  absorbing  them  and  by  engen- 
dering sulphurous  acid. 

After  the  whole  train  is  put  in  action,  during  the  actual  analysis, 
should  it  be  practicable  to  watch  the  apparatus  during  this  stage,  A 
may  be  kept  immersed  in  the  hot  water  in  B,  which  will  save  subse- 
quent expenditure  of  time  in  preparation  for  the  final  weighing.  K 
must  be  watched  from  the  first,  and  if  it  turns  brown  very  rapidly — 
indicating  much  oxygen  present — the  current  must  be  stopped  when 
the  meter  has  shown  about  one  foot  floAV,  and  K  L  taken  out  to  be 
weighed :  resuming — after  recording  the  meter — with  a  direct  con- 
nection from  J  to  M.  This,  because  it  may  not  be  safe  to  trust  K 
for  more  than  one  foot  of  gas  largely  contaminated  with  air. 

In  the  absence  of  an  adequate  number  of  arrows  in  this  cut,  it  will, 
I  trust,  be  clear  on  a  little  examination,  that  the  course  of  the  gas 
is  from  M  to  the  inlet  of  the  meter  at  its  axis  in  the  rear,  and  out 
again,  through  the  rubber  tube  0,  to  the  final  CaCl-tube  P,  and 
thence  through  the  vertical  glass  tube  R,  at  the  top  of  which  it  may 
be  kindled. 

The  usual  rate  of  flow  advisable,  if  attainable,  with  this  train,  is 
about  one^oot  per  hour  ;  and  the  whole  amount  of  gas  analyzed  should 
not  be  ordinarily  more  than  ten  cubic  feet.  This  does  not  necessarily 
apply  to  the  NIP  and  II  S  determinations,  however ;  as  in  a  well- 
purified  street-gas  the  amount  of  these   in  ten  feet  only  might  be 
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scarcely  appreciable.  Therefore,  after  some  ten  feet  has  passed  the 
meter,  the  latter  having  been  read  and  recorded,  direct  connection 
should  be  established  from  F  to  M,  the  intervening  members  being 
thrown  out.  The  flow  may  then  be  kept  on  through  A,  E,  F,  M,  the 
meter,  and  P,  even  up  to  50  or  100  feet,  or  until  the  registered  vol- 
ume is  judged  sufficient  for  these  two  constituents. 

In  these  latter  cases  it  is  obvious  that  the  common  one-dial  pho- 
tometer-meter, as  figured,  will  not  answer ;  and  it  will  be  necessary 
to  provide  a  meter  having  dials  enough  to  register  continuously  up  to 
100  feet,  as  well  as  down  to  decimals  of  a  foot. 

In  this  case,  unlike  the  operation  with  the  crude  gas,  no  general 
distilling  or  transferring  process  is  required  before  the  final  weigh- 
ings. It  is  only  essential  that  A  should  be  free  from  condensed 
moisture  at  the  close,  by  reason  of  immersion  in  B  ;  or  that  it  should 
be  subsequently  freed  therefrom,  by  means  of  a  dry  gas-current 
through  and  from  the  preparatory  train. 

V. — Of  the  Dimensions  of  the  Apparatus,  etc. 

The  sizes  and  weights  of  the  different  pieces  of  apparatus  must  not 
be  left  unexplained. 

Flask  C  is  of  one  pint  capacity.  It  is  convenient  to  have  at  least 
four  different  sizes  or  patterns  of  U-tubes.  The  largest,  represented 
by  II  in  the  preparatory  train,  is  about  13  inches  high,  1*1  inch  in- 
ternal calibre,  and  2*25  inches  between  the  limbs.  The  second  size 
is  the  most  useful  size,  the  corresponding  dimensions  being  about 
8X"9X2  inches,  and  is  exemplified  in  Fig.  1  by  F,  G,  II,  L,  M  and 
the  omitted  CaCl  tube  ;  and  in  Fig.  4  by  G,  II,  K,  and  P.  The 
third  size,  C  and  D  in  Fig  2,  and  F  in  Fig.  4,  may  be  Q-bY^-Qy^  19  ; 
and  the  smallest,  represented  in  duplicate  in  A,  and  by  J  and  L  in 
Fig.  4,  also  by  J  and  M  in  Fig.  1,  is  about  4X*4X'75. 

The  relative  proportion  of  the  different  members  of  a  train  to  each 
other  is  worthy  of  careful  consideration  in  planning  an  investiga- 
tion, and  niucii  time  and  labor  may  often  be  thus  saved.  These  pro- 
portions will  differ  with  the  conditions  and  with  the  nature  of  the  gas 
very  largely. 

For  convenience  in  weighing,  wires  may  be  attached,  as  has  been 
shown  in  the  cuts  in  one  case  only — the  CaCl  tube  in  GF  in  Fig. 
2.  As  before  stated,  these  wires,  unless  of  platinum,  are  objection- 
able in  the  atmosphere  of  a  gas  works,  and  the  tubes  can  just  as  well 
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be  simply  luid  across  the  pan  of  the  balance.  The  balance  should  be 
capable  of  bearing  safely  a  load  of  at  least  300  grains  or  a  little 
more,  and  indicating  one  milligram,  that  is,  of  turning  perceptibly 
with  the  300,000th  of  its  load. 

One  of  the  worst  obstacles  to  accuracy  in  weighing  large  glass 
apparatus  delicately  being  the  Avell-known  attraction  of  glass  for 
moisture,  I  have  adopted,  as  hinted  before,  a  very  valuable  device  ; 
simply  to  provide  thin  polished  brass,  or  tin  cases,  closing  tightly, 
but  not  hermetically,  suited  in  size  to  different  sizes  of  tubes,  within 
which  the  latter  are  shut  up  while  warm  and  dry. 

VI. — Of  the  Calculation  of  the  Results. 

To  obtain  from  the  observed  volume,  as  per  meter,  the  true  initial 
volume  of  the  mixed  gas  and  spray  operated  on,  requires  some  calcu- 
lation. Taking  first  the  most  complex  case,  that  of  a  crude  coal-gas 
from  the  hydraulic  main,  we  shall  have  the  following 

VI.     Of  the  Calculation  of  the  Results. 

To  obtain  from  the  observed  volume,  as  per  meter,  the  true  initial 
volume  of  the  mixed  gas  and  spray  operated  on,  requires  some  calcu- 
lation. Taking  first  the  most  complex  case,  that  of  a  crude  coal-gas 
from  the  hydraulic  main,  we  shall  have  the  following 

factors. 

The  observed  volume,  in  cubic  feet  and 
decimals  ;  which  call  v. 

The  final  Fahr.  temperature  of  the  gas ; 

which  call  t°.  DENSITIES.* 

The  weight  of  liquid  in  grains ; 

which  call  L«.     .     .     (Water  =  1)=  1-25 
The  weight  of  liquid  water,  in  grains; 

which  call  Lw. 

-    .^     ,.;■     :',.,:,,r:.,;l    :.,   .»:it;;^   .,,ITI 

*The  densities  adopted  for  Nil'',  IIS  and  CO^  are  the  tlieorctical  ones  employed  by 
15unsen  in  his  Gasometry.  Other  autliorities  differ  perceptibly  a1)oiit  all  tliese.  Tlie 
density  of  atiueous  vapor  adopted,  is  very  cloHe  to  Kegiiault's  figures.  Butiscn  used 
•62205. 
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The  weight  of  initial  watery  vapor; 

which  call  wy**  .  .  (Air  =  1)  =  0-6220 
"          "  "       gaseous  ammonia  (NH^) 

which  call  a?n.  ...  "  ''  =0-589G 
"         "  "      gaseous  sulphuretted 

hydrogen;  which  call  s.  "  "  =1-1749 
"  "  "       gaseous  carbonic  acid ; 

which  call  c.  ...  "  ^'  =1-5202 
"  "  '•       naphthaline  vapor ; 

Avhich  call  w.,liil^  .!.     •         "     "     =4-5700 

Other  constants  required  in  our  calculations  are : 

1.  The  coefficient  of  dilatation  of  coal  gas  for  the  Fahrenheit 
degree.     I  adopt 

J- 

49^9 

2.  The  number  of  grains  of  pure  water  in  a  cubic  foot  at  60*^ 
Fahr.,  which  I  make  436320. 

3.  The  number  of  grains  of  dry  air  in  a  cubic  foot,  at  32°  Fahr. 
equal  565,  according  to  Regnault. 

As  to  the  first,  Ph.  Jolly  has  recently  given  [Chemisches  Central- 
blatt,  1874,  p,  241 ;  from  Poggendorff's  ^wna/en)  new  determinations, 
which  for  one  Fahr.  degree  are : 

For  II  gas,  -002031 

For  CO-  gas, -002059 

For  Air  gas,  -0020391 

As  coal  gas  is  almost  half  hydrogen,  I  have  adopted  -002033, 
which   equals 

^       4yi-y 


**  It  must  not  be  forgotten  that  an  ndflemluni    to   uv  in  derivable   from   tlic  final 
weighing  of  the  l)isnlphate  of  potasli  tube. 

t  The  figure  of  llegnault  for  this  constant  for  air  is  almost  the  same  as  this  ;  tliat  of 
Magnus  is  a  trifle  lower.     For  Fahr.  degree  : 

i;.-<rnaiilt  -0020:389,  or  L 

4'.M)-4t; 

Magnus     -OO-iOSTT,  or  ^ 

4yu-75 
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For  calculating  the  third  constant,  I  have  adopted  as  a  basis  a 
figure  kindly  calculated  for  me  by  Prof.  A.  M.  Mayer,*  directly  from 
the  original  determination  of  Regnault,  for  a  liter  of  dry  air  under 
normal  tensions,  equal  1-29278  gram.  Cooke's  Chemical  Philosophy 
gives  this  figure  equal  1-29319  gram. 

From  Mayer's  figure  I  get,  closely  enough,  for  one  cubic  foot  air, 
at  32°  Fahr.  565  grains. 

In  the  most  complex  case  of  all,  as  in  Fig.  4,  when  a  wet  meter  is 
used,  and  the  gas  measured  with  a  certain  content  of  aqueous  vapor, 
afterwards  determined  by  means  of  the  CaCl  tube  P ;  we  have,  in 
this  weight,  still  another  factor,  wv'. 

The  following  crude  expression  may  now  be  first  jotted  down  :  V 
being  the  corrected  initial  volumef  sought,  in  cubic  feet,  at  60°  Fahr- 
enheit : 

/A  ^  V         I  60  — i°      ,  Ijt  ,      Lw 

491-9  436320xdens.L^    436320 


+ 


wv 


(60— «°)565dens.wi;         ^         (60  — r)  565  dens.e^u' 
565 -^^ 565- 


65  ( 


(491-9  — 60+j°)565  V  dens,  am      dens,  s     dens,  c 


491-9 
which,  on  interpolating  the  density  figures  above,  may  be  reduced  to 

(B.)  V=l-12198t;— •002033^°t;+-000002292(J^4+  L?<;) 


■wv' 


-.+491-9  r. 

Lj 


522-134+ -71443^  Ll43»76-2r»6  +  333-l:^4«° 

s  ,  c 

::867U3-2+66ii-Siit°     37U964-525+»5«-9t° 

n 


1115187-4+2582-05t 


a 


*Prof.  Ma^er  remarks  that  he  found  a  slight  error  in  Regnault's  own  reduction  of 
his  observations. 

fit  shoiHd  here  he  explained,  that  by  "  initial  volume"  is  not  meant  the  volume  of 
the  gas  'in  the  main;  where,  of  course,  by  reason  of  the  higher  temperature,  the 
aqueous  spray  L'w,  and  even  part  of  Lt,  may  not  exist ;  but  strictly  the  volume  and 
state  of  aggregation  assumed  by  the  gaseous  mixture,  as  it  passes  the  initial  mem- 
bers E  and  F  of  the  train  in  Fig.  1. 
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In  the  case  in  which  t°  equals  28°  Fahr.,  as  when  the  final  tem- 
perature is  reduced  quite  down  to  that  of  melting  ice,  we  may  express 
it  thus : 

(C.)        V=  l-0G5065v-f -000002292  (-I'L+Lw)   '    «^'^— «^'^' 


1-25  '        542-14 

.       avi  s        .        c  n 

T1T45     "620^65     "80y06T4T4"^' 

In  the  case  of  purified  illuminating  gas,  as  from  street  mains,  in 
which  the  suspended  tar  and  spray  should  be,  and  ordinarily  are 
inappreciable,  ihe  second  right  hand  member  of  the  equation  (C)  dis- 
appears, as  also  the  last  factor  representing  the  condensable  naph- 
thaline;  and  if,  in  addition,  the  gas  has  been  measured  dry,  by 
means  of  a  dry  meter  at  the  tail  of  the  train,  so  as  to  eliminate  wv' , 
and  also  at  32°  Fahr.,  we  have  (omitting  also  an  inappreciable 
fraction  in  the  first  factor)  the  simplest  case  of  all ; 

(D.)  V=  l-0651.+_'-^_-f-_^_+_-i_+_J^_. 

'  54214      311-45      62065      803-06 

The  correction  for  Atmospheric  Pressure  has  not  been  introduced 
into  the  above,  and  is  independent  thereof.  In  exact  work,  the 
barometer  must  of  course  be  observed  at  short  regular  intervals,  and 
V  sliould  be  further  corrected  by  reduction  to  the  standard  pressure 
of  30  inches  or  762  mm.  This  is  simple.  Calling  the  volume  as 
thus  corrected  V;  and  the  moan  of  the  barometric  observations  P. 
Then— 

V  :   r  ::  30  inches  :  P; 
the  volumes  being  inversely  as  the  pressures ;  and — 

30 

whence  a  rule  easily  remembered.     Multiply  the  whole   of  the   right 
hand  sides  of  the  above  equations  by 

(-03333-f)P. 
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Eqirition  (D)  may  then — corrected  further  for  atmo^phoric   pres- 
sure P — become  : 

(E  )  T  =  -0:353Py  +  -033333P  f— — — +— '^— +  — -— 

L542-l-t      311-45      020  03 


c 
"8()3'06 


] 


To  the  above  discussion,  it  seems  proper  to  append  the  remark, 
that  the  data  determined  by  it,  -while  necessary  to  the  ^as-chemist. 
are  not  indispensably  needed  by  the  mere  practical  expert ;  who  may 
be  more  concerned  to  refer  the  proportions  of  the  constituents,  as 
found,  merely  to  the  volume  of  purified  gas,  brought  to,  or  near  to, 
normal  conditions  of  tension  and  moisture.  This  is  a  simpler  affair. 
For  the  bottle  of  broken  ice  in  the  above  train,  Fig.  4,  I  substitute, 
in  this  case,  a  similar  one  filled  with  clippings  of  clean  sponge  satur- 
ated ivith  water,  to  serve  the  double  purpose  of  bringing  the  gaseous 
current  both  to  the  temperature  of  the  air,  and  to  the  maximum  con- 
tent of  aqueous  vapor  correspondent  thereto.  If  this  be  accurately 
enough  accomplished,  the  direct  reading  of  the  meter,  whether  the 
latter  be  Avet  or  dry,  will  be  the  required  volume  ;  subject  only  to  the 
barometric  correction  above  specified.  The  final  CaCl-tube  is  then 
not  needed,  though  it  might  still  be  used  as  a  check  upon  the  process, 
and  will  give  a  general  and  precise  datum  from  which  the  gas  may  be 
calculated  to  any  standard  of  temperature  and  moistness. 

yil.     Examples   of  Analytical   Results  Obtained  by  one  of 

THESE  Methods. 

To  illustrate  the  work  turned  out  by  the  Analytical  Train  in  Fig.  1, 
operated  as  specified  above,  I  shall  cite  some  of  the  figures  obtained 
by  me  in  the  course  of  an  investigation  made  some  months  since  upon 
an  apparatus  now  in  use  at  the  Works  of  the  Harlem  Gas-Liglit  Co., 
in  New  York;  which  covers  a  novel  principle  of  action,  consisting  in 
forcing  crude  coal  gas — before  cooling  to  atmospheric  temperature, 
and  in  a  finely  divided  state — through  the  liquid  products  of  the 
retorts," and  of  the  incipient  condensation  of  the  gas  itself,  consti- 
tuting a  species  of  straining  or  filtering  of  the  crude  gas  tlirough  a 
liquid  medium.  •-^- 
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In  the  cut,  Fig.  5,  is  represented  on  the  left,  one  of  the  "boxes" 
of  St.  John.  The  gas  from  the  hydraulic  main  is  pumped  down 
through  the  vertical  tubes  and  is  obliged  to  rise  through  the  perforated 
horizontal  diaphragms  immersed  in  the  liquids  that  collect  in  the  box, 
or  arrive  therein  from  the  hydraulic  main  through  the  lower  pipe. 

The  apparatus  on  the  right  is  a  form  of  "dry  scrubber,"  appended 
to  the  "boxes."  The  number  of  boxes  employed  is  two  or  more — at 
the  Harlem  Works  two — this  depending  on  the  volume  of  gas  to  be 
dealt  w^ith.  During  my  analyses  some  20,000  cubic  feet  per  hour 
passed  the  apparatus.  Two  trains  after  the  plan  of  Fig.  1  were 
attached,  one  just  before  the  extreme  left-hand  arrow,  and  the  other 
near  the  extreme  right-hand  arrow.  The  results  obtained  were  as 
seen  in  table;  about  seven  feet  of  gas  in  all  having  traversed 
each  train  during  the  analyses : 

The  coal  used  was  a  highly  sulphurous,  but  rich  variety,  from  West 
Virginia,  known  as  the  "  Murphy  Run  Coal."  The  temperatures 
during  the  operation  were  as  follows  : 

Gas  in  the  Hydraulic  Main,       ....     125°  Fahr. 
Gas  entering  first,  or  left-hand  Train,  .  .  .     108°      " 

Gas  entering  second,  or  right-hand  Train,  .  .       95°     " 

Refrigeration  while  passing  Condenser,  .  .       1.3°     " 


APPENDIX.— Note  from  Prof.  Wurtz. 

Mr.  Editor: — On  looking  over  the  installment  of  my  paper  on 
"  Proximate  Gas  Analysis,"  presented  by  you  in  your  last  issue,  I 
have  observed  one  passage  involving  error  in  the  specification  of  my 
methods,  to  which  I  beg  your  permission  to  direct  the  attention  of 
your  readers:  page  226 ;  lines  10,  11  and  12  from  top;  from  "K 
being "  inclusive,  on  to  the  end  of  the  paragraph  substitute  as 
follows  : 

"  L  replaced,  KL  weighed — after  applying  stoppers  like  DD  in 
Fig.  1,  to  prevent  ingress  of  aerial  oxygen — and  the  whole  put  in 
position,  as  attached  to  J." 

Also,  after  the  last  word  "temperatures,"  at  the  bottom  of  this 
same  page,  it  may  be  well  to  supply  the  following  note,  in  parenthesis  : 

(See  ante,  Graham's  experiment:  page  218  under  Sulphuretted 
Hydrogen.)  Respectfully,  11.  W. 
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ON  THE  CAUSE  OF  THE  LIGHT  OF  FLAMES. 


By  W.  Stein.* 


Tlie  correctness  of  the  old  and  well-founded  conception  that  the 
light  of  flame  is  caused  by  incandescent  carbon  molecules,  has  been 
di.sputed  by  Dr.  Frankland,  who  contends  and  tries  to  pros'^e  that  \i 
is  derived  from  hydrocarbon  vapors.  It  is  evident  that  the  old  theory 
would  have  to  give  place  to  the  new  doctrine  as  soon  as  the  untena- 
bility  of  the  former  and  the  correctness  of  the  latter  are  proved.  But 
neither  the  one  nor  the  other  has,  I  think,  yet  been  done.  Professor 
Frankland  can,  therefore,  only  be  pleased  if  the  present  paper  sub- 
jects x\\Q  pros  and  coiitras  of  the  new  and  old  theory  to  an  impartial 
examination. 

I  must  mention  that  I  have  not  been  able  to  read  the  original  paper 
of  Dr.  Frankland,  and  have  only  had  the  opportunity  of  consulting 
"•  Dinirler's  Journal,"  the  "  Chemical  Centralblatt,"  the  "  Annual 
Report  of  Chemistry/'  and  the  "Ann.  Chim.  Phys."  According  to 
these,  Frankland  considers  that  the  light  of  the  flame  is  derived  from 
very  dense  hydrocarbon  vapors,  of  which  he  particularly  mentions 
benzine  and  naphthaline. 

As  proof  of  his  ideas  he  mentions  :  That  the  soot  deposited  on 
a  cool  surface,  when  introduced  into  a  flame,  does  not  consist  of  pure 
carbon,  but  that  it  contains  also  hydrogen;  that,  in  fact,  it  seems 
noising  else  than  a  collection  of  the  densest  light  giving  hydrocar- 
bons, whose  vapors  condense  on  the  cold  surface. 

Against  this  we  may  mention  that  not  only  do  the  heavy  hydro- 
carboT.s,  but  even  marsh  gas,  split  up  at  high  temperatures  on  ex- 
clusion of  atmospheric  air;  and  as  the  hj'drocarbons,  whose  vapors 
are  supposed  to  cause  the  luminosity  of  the  flame,  are  precisely  under 
such  conditions  before  they  come  in  contact  with  the  air,  it  cannot  be 
doubted  tbat  they  sufi"er  decomposition  into  carbon  and  hydrogen  in 
the  luminous  portion  of  the  flame.  It  is  of  little  importance  whether 
the  eliminated  carbon  is  chemically  pure,  or  whether  it  contains  still 
u  hydrogen  compound;,  the  important  question  is  this,  Is  the  soot 
lield  by  the  flame  in  the  shape  of  vapor  or  in  the  solid  form  ?  If  the 
soot  was  nothing  but  a  conglomeration  of  the  densest  light-giving 
liydri'carbons.  Whose  vapor§  condense  on  a  cool  body,  then,  Avhen 
sufnci(-'r:tly  I'dsihly  heated  by  exclusion  of  air,  it  ought  to  reassume 


[*  TrMiislatcd  from  the  Journal  fur  Gnshdenchtuvg  for  the  London  Journal  of  Ga> 
f,glJv(f,  and  reprinted  fmni  the  latter  Journal. — Ki>.] 
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vapor  form.  This  is,  however,  not  the  case,  as  every  one  will  find 
who  tries  the  experiment. 

Its  chemical  composition  is  just  as  little  favorable  to  Fraiikland  s 
view.  It  ought,  presumedly,  to  vary  according  to  the  lighting  ma- 
terial from  which  it  was  derived — nay,  even  according  to  the  place  of 
the  fiime  wherefrom  it  was  deposited.  It  is  well  known  that  the  tem- 
perature of  the  flame  varies  in  various  places,  and  Magnus'  experi- 
ments have  proved  that  from  heavy  hydrocarbons  at  a  less  high  tem- 
perature a  hydrogenous  tarry  product  besides  hydrocarbon  is  also 
eliminated.  The  soot  whose  analysis  I  give  was  obtained  from  a 
bat's-wing  burner  by  allowing  a  small  silver  basin,  filled  with  water, 
to  dip  for  about  two  or  three  minutes  into  the  flame.  Benzine  re- 
moved traces  of  a  solid  yellow  body,  but  the  small  amount  of  it  pre- 
vented it  bein";  further  investigated.  Alcohol,  and  alcoholic  solution 
of  caustic  potash,  and  dilute  sulphuric  acid,  dissolved  nothing. 

After  being  carefully  and  repeatedly  washed  with  boiling  water  and 
dried  at  130°,  0-206  yielded:  Carbonic  acid  0-6985,  water  0  019o, 
ash  0  0020,  which  amounts  in  100  parts  to: 

Coiitniiiins  Ash.  Kioe  frnm  Ash. 

Carbon, 96  446  97  390 

Hydrogen,  .  .          .         .  1-051  1-061 

Ash, 0  970  

Oxygen, 1-533  1-549 

I  attribute  the  presence  of  oxygen  to  a  small  amount  of  water, 
which,  even  at  130°,  was  still  retained,  and  tins  when  deducted  jrives 
the  composition  of  100  parts  of  soot  free  from  water  and  ash  as  con- 
sisting of 

Carbon 90-095 

Hydrogen, 0-905 

This  analysis  is  in  accordance  with  the  chemical  composition  of  the 
soot  of  the  flame,  and  with  the  well-known  behavior  of  heated  hydro- 
carbons. 

2.  "  How  could  the  light  of  a  flame  be  as  transparent  as  in  reality 
it  is,  if  it  was  filled  with  solid  carbon  p;irticles  ?"  asks  Dr.  Frankland. 
In  reply  to  this,  it  must  be  admitted  that  one  is  able  to  read  the 
writing  iield  behind  the  flame  of  a  bat's-wing  burner.  It  is,  however, 
easily  observable  that  the  flame  is  more  transparent  in  the  lower,  non- 
luminous  portion.  The  reading  becomes  also  more  difficult  through  a 
flame  of  greater  thickness,  and  impossible  through  the  flame  of  a 
VOL.  LXIX.— TniRD  Series.— No.  3.— AruiL,  1875.  21 
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candle  or  petroleum  burner.  If,  as  is  proved  hereby,  the  transparency 
of  a  flame  is  only  very  limited,  it  may  be  remembered  that  one  can 
also  read  the  same  writing  through  media  which  are  known  to  be  filled 
with  solid  particles ;  for  example,  through  a  piece  of  opal  glass,  oiled 
paper,  or  linen.  The  partial  transparence  of  the  flame  cannot,  there- 
fore, serve  as  a  proof  of  the  absence  of  carbon  molecules. 

3.  To  understand  the  further  query  of  Frankland,  "  How  could  it 
be  indiff"erent  for  photometrical  measurement,  whether  the  flame 
presents  the  flat  or  narrow  side,  if  the  light  is  given  by  solid  carbon 
molecules  ?"  we  have  to  recollect  an  observation  of  Arago,  At  Paris 
they  wanted  to  know  what  position  the  flame  of  the  street-lamps  had 
to  be  in  to  produce  the  best  light  for  the  trottoirs  as  well  as  for  the 
carriage  road.  Arago  made  experiments,  and  found  that  the  narrow 
side  of  the  flame  radiated  as  much  light  as  the  broad  or  flat  side. 
This  result  caused  general  surprise,  because  it  was  assumed  that 
light  was  only  given  ofi"  from  the  surface  of  a  flame,  the  surface 
loiyers  of  carbon  particles  absorbing  or  retaining  the  light  of  the 
interior  layers.  It  may,  however,  easily  be  understood  that  such  a 
view  arises  only  from  a  misapprehension  of  the  process.  A  body 
can  only  lessen  or  stop  the  light  which  falls  upon  it  from  another 
body,  if  it  is  either  only  very  little  or  not  at  all  luminous.  If  both 
bodies  possess  equal  luminous  power,  the  result  will  be  double  in 
efi'ect.  Two  carbon  molecules  placed  one  behind  the  other,  and  both 
radiating  the  same  amount  of  light,  cannot  possibly  weaken  each 
other ;  their  radiations,  on  the  contrary,  must  be  considered  as  two 
waves  of  equal  amplitude  and  velocity,  tiviveling  either  one  immedi- 
ately after  the  other,  or  combining  in  such  a  way  as  to  double  the 
height  and  depth.  The  luminous  power  of  a  flame  must  therefore 
be  just  as  hirge  on  the  narrow  as  on  the  flat  side,  because  in  both 
positions  the  number  of  the  light-radiating  carbon  molecules  is 
equal.  The  light  appears,  however,  to  the  eye  to  be  denser  on  the 
narrow  side,  because  it  is  produced  by  a  greater  number  of  molecules 
vibrating,  and  after  or  behind  one  another. 

4.  To  demonstrate  that  his  view  of  the  luminosity  of  vapors  is  not 
without  example,  Frankland  refers  lastly  "  to  the  development  of 
light  whrch  is  produced  by  the  burning  of  arsenic,  phosphorus,  and 
bisulphide  of  carbon  in  oxygen,  at  ordinary  pressure,  and  by  the 
burning  of  hydrogen  and  carbonic  oxide  at  higher  pressures,  in 
rhich  cases  the  assistance  of  solid  particles  cannot  be  presumed." 
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Scientifically  valuable  and  interesting  as  all  this  is,  it  does  not 
demonstrate  that  the  process  of  our  luminous  flame  is  an  analogous 
one.  Moreover,  the  fact  that  solid  bodies  are  by  preference  apt  to 
become  light-radiating  is  not  at  all  changed  by  this,  and  thus  far  it  is 
demonstrated  only  that  there  can  be  but  one  solid  body  to  which  the 
luminosity  of  flame  can  be  attributed.  If  we  consider,  therefore,  all 
the  before  mentioned  facts,  we  can  draw  only  one  conclusion — namely, 
"  That  the  light  of  our  illuminating  flame  comes  from  incandescent 
carbon  molecules,  and  that  the  old  view  is  still  to  be  retained." 
:  Experience  teaches  that  for  the  artificial  production  of  light,  a  high 
temperature  is  requisite  before  all  things.  Temperature  is,  however, 
that  part  of  the  total  heat  of  a  body  which  influences  the  surrounding 
parts,  or  the  surplus  of  atomic  movement  which  is  not  consumed  by 
its  inner  work.  A  high  temperature  means,  therefore,  a  great  excess 
of  such  movement,  which  again  is  identical  with  a  greater  number  of 
momentary  vibrations.  In  fact,  the  movement  of  light  and  the  move- 
ment of  heat  diff"er  essentially  by  regularity  [Rhythmen)  and  greater 
velocity.  The  movement  of  heat  passes,  therefore,  presumedly  into 
movement  of  light,  if  it  has  reached  the  lowest  number  of  vibrations 
for  light — namely,  those  of  red  light.  If,  after  a  greater  and  greater 
rising  of  temperature  up  to  its  highest  possible  degree,  the  rapidity 
of  movement  increases  more  and  more,  we  observe,  besides  the  red 
light,  first,  yellow  light,  forming  orange  with  the  former ;  later,  we 
meet  also  blue  light,  which,  however,  in  most  cases,  only  serves  to 
form  wliite  light  with  the  red  and  yellow,  and  which  is  only  predom- 
inant in  very  rare  cases,  as  observed  by  Deville.  Under  ordinary 
circumstances,  we  only  get  a  yellow  or  red  light  containing  more  or 
loss  white.  The  more  white  it  contains  the  greater  is,  naturally,  its 
eft'ect  of  light ;  and,  as  white  only  appears  at  the  highest  tempera- 
tures, it  becomes  evident  that  the  temperature  of  a  flame  does  not 
exert  a  secondary  influence  on  its  luminosity,  but  is  its  principal 
factor.  Tlie  second  factor  is  the  eliminated  carbon,  the  molecules  of 
which  radiate  the  light.  The  luminosity  of  two  flames  of  the  same 
temperature  corresponds,  therefore,  to  the  number  of  its  carbon  mole- 
cules, and  "luminosity  in  general  equal  to  the  product  of  the  radiat- 
ing molecules  and  their  temperatures  "  for  illuminating  purposes,  it 
may  be  presumed  that  the  latter  should  amount  to  at  least  1000°. 

The  above-mentioned  phenomena  of  light  may  easily  be  observed 
on  solid  bodies  if  heated.     They  are  not  observable  on  gases  as  lone 
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as  they  expand  unhindered.  It  would,  however,  be  wrong  to  attrib- 
ute this  negative  behavior  to  the  circumstance  alone  that,  by  the 
unhindered  expansion,  the  amount  of  the  added,  or  produced  heat 
was  changed  into  power.  This  is  contradicted  by  the  high  tempera- 
ture which,  amongst  others,  the  non-luminous  explosive  gas-flame 
Knall  gas)  possesses. 

Besides,  it  is  also  observed  that  platinum  wire  becomes  incandescent 
in  every  possible  non-luminous  flame,  even  in  a  flame  produced  by 
nitrogen  on  coal  gas,  if  the  requisite  temperature  to  change  heat  into 
light  is  present. 

If  we  may  conclude  from  this  that  the  atoms  of  gases  may  be 
brought  into  light  vibrations  without  becoming  luminous,  then  we 
possess  bodies  which  conduct  the  light  (the  gases),  and  others  which 
radiate  the  light  (the  solid  bodies),  analogous,  as  we  have  conductors 
of  electricity  and  idioelectrical  bodies. 

An  explanation  of  this  difference  is  offered  when  light  is  considered 
as  atomic  movement.  Its  effect  to  the  eye  is  then  the  product  of 
quantity  amd  velocity. 

In  a  given  space  we  find  a  much  larger  number  of  vibrating  atoms 
if  filled  with  solid  matter  than  if  filled  with  gas.  The  waves  of  light 
of  solid  bodies  must,  therefore,  be  much  denser  than  those  of  gases, 
and  exert  also  a  more  intense  eff"ect  on  the  nerves  of  our  eyes. 
"Light-conductors"  diff"er,  therefore,  from  "light-radiators"  by 
the  lesser  density  of  their  waves  of  light ;  for  which  reason  they 
cannot,  under  ordinary  circumstances,  form  "  optical  molecules,"  as 
I  expressed  it  at  another  occasion.  How  powerfully  the  condensation 
of  the  waves  of  light  aff'ects  the  eye  is  shown  by  the  eff"ect  of  collecting 
lenses.  ,t  gwoft  dd'aiTT' miosis   to  \«^r5ir 

The  minimum  of  density  which  a  body  must  possess .  to  become 
light-radiating — that  is,  to  become  self-luminous  to  the  eye,  or  to 
appear  a  source  of  light — is  just  now  not  known  ;  but  one  sees,  if 
this  view  is  correct,  the  possibility  of  even  vapors  or  dense  gases 
becoming  luminous,  as  Frankland  tried  to  prove.  The  results  of  his 
experiments  might  even  serve  as  foundation  for  the  lowest  limit  of 
density,  if  it  were  not  so  very  difficult,  nay,  even  just  now  impossible, 
to  make  ^such  an  experiment  in  a  manner  as  to  exclude  every  doubt 
about  the  assisting  influence  of  solid  bodies. 
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SAFETY-VALVES.* 


(Report  of  a  Committee  of  the  Institution  of  Engineers  and  Shipbuilders  of  Scotland.) 


At  the  first  general  meeting  of  the  present  session  of  the  Institu- 
tion of  Engineers  and  Shipbuilders  in  Scotland,  a  report  on  safety- 
valves  Avas  presented  by  a  committee  appointed  to  deal  with  this 
question.  The  report  consists  of  (1)  experiments  made  upon  the  out- 
flow of  steam  through  orifices ;  (2)  experiments  made  "  to  ascertain 
the  pressure  to  which  steam  will  rise  in  a  boiler  above  the  load  pres- 
sure when  the  valves  are  of  the  same  size,  havine:  an  area  of  half-an- 
inch  per  foot  of  grate  surface,  but  at  different  pressures,  the  whole 
of  the  steam  raised  being  allowed  to  pass  away  by  the  safety-valves 
when  unassisted;"  (3)  experiments  made  "regarding  the  strength 
and  action  of  springs  as  applied  to  the  loading  of  safety-valves;" 
(4)  conclusions  arrived  at  by  the  committee  as  to  the  form,  ftianner 
of  loading,  and  dimensions  of  safety-valves.  The  first  part  of  the 
report  contains  the  account  of  an  exhaustive  series  of  experiments, 
made  by  Mr.  James  Brownlee,  to  determine  the  outflow  of  steam  at 
diff'erent  pressures  through  orifices  of  various  forms,  and  commences 
with  a  recapitulation  of  the  views  held  on  this  question  by  various 
scientific  observers.  In  this  part  of  the  report  it  is  pointed  out  that 
"until  within  the  last  twenty  or  thirty  years  the  flow  of  weight  and 
velocity  with  which  steam  and  other  elastic  gases  issue  through  an 
orifice  was  computed  by  the  same  rule  which  applies  to  water  or  other 
inelastic  liquids."  Weisbach,  however,  showed  that  this  was  incorrect, 
and  believed  that  "  the  quantity  of  steam  which  flows  through  an 
orifice  from  a  boiler  under  a  pressure  of  two  atmospheres  is  much 
greater  when  that  orifice  opens  into  the  atmosphere  than  when  the 
same  orifice  communicates  with  the  condenser  of  a  steam-engine." 
According  to  Mr.  R.  D.  Napier's  view,  "  the  flow  is  neither  increased 
nor  diminished  by  reducing  the  outside  pressure  to  less  than  half  the 
inside  pressure."  Professor  Rankine's  view  was  that  "  the  flow  is 
neither  increased  nor  diminished  by  reducing  the  outside  pressure 
below  about  58  per  cent,  of  the  absolute  pressure  in  the  boiler." 

In  conformity  with  this  view  a  table  is  given  in  the  report,  showing, 
amongst  others,  the  weight  of  steam  in  pounds  discharged  per  minute 
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through  the  best  form  of  orifice,  one  square  inch  in  area,  and  at  ab- 
solute pressures  varying  from  25-37  lbs.  to  100  lbs.,  the  weight  at 
these  pressures  being  respectively  22-81  and  86-34  lbs.  A  table  is 
given  of  the  reaction  of  steam  from  experiments  made  by  Mr.  George 
Wilson. 

Mr.  Brownlee,  to  satisfy  himself  on  this  subject,  made  a  series  of 
nearly  daily  experiments,  extending  over  a  period  of  about  six  months. 
The  method  adopted  was  to  allow  steam,  drawn  from  six  boilers,  to 
pass  through  a  1  J-inch  valve  into  a  chamber  where  the  pressure  could 
be  kept  steady.  From  this  chamber  the  steam  passed  through  a 
carefully-measured  orifice  into  a  second  chamber,  where  the  pressure 
could  also  be  regulated.  The  steam  finally  entered  a  "  worm"  placed 
in  a  tub  containing  a  circulating  supply  of  cold  water.  The  steam 
was  thus  delivered  condensed,  and  at  a  temperature  from  70  to  100°. 
The  water  thus  obtained  was  measured  and  weighed,  and  the  time 
observed.  By  this  arrangement  a  flow  of  steam  from  a  higher  into  a 
lower  pressure  was  obtained.  Examples  of  this  are  given  in  the 
report,  from  which  it  appears  that  it  is  doubtful  whether  the  outflow 
of  steam  at  80  lbs.  is  aff'ected  by  increasing  the  outside  pressure  from 
17  to  48  lbs.  It  was  found  that  the  flow  of  weight  through  a  square- 
shaped  orifice  was  from  11  to  13  per  cent,  less  than  through  an  orifice 
with  a  rounded  entrance.  A  third  chamber  was  added  to  the  appa- 
ratus, from  which  it  appears  that  when  the  absolute  pressure  was 
maintained  steady  at  100  lbs.  in  the  first  chamber,  the  pressures  ob- 
tained in  the  second  and  third  chambers  were  81  lbs.  and  18  lbs. 
respectively,  "  showing  that  the  steam  which  flows  from  100  lbs.  into 
81  lbs.  is  the  same  in  quantity  as  passes  from  81  lbs.  into  18  lbs., 
the  two  orifices  being  of  the  exact  same  size  and  form." 

From  the  results  obtained  from  these  experiments  the  proper  size 
of  safety-valve  openings  was  determined,  from  which  it  appears  that 
"  the  weight  in  pounds  of  steam  discharged  per  minute  per  square 
inch  of  opening,  with  square-edged  entrance,  corresponds  very  nearly 
with  three-fourths  of  the  absolute  pressure  in  the  boiler,  as  long  as 
that  pressure  is  not  less  than  25*37  lbs.,"  and  that  "  the  area  of 
opening,  requisite  to  the  discharge  of  any  given  constant  weight  of 
steam  is  very  nearly  in  the  inverse  ratio  of  the  pressure."  By  alloAv- 
ing  an  evaporation  of  3  lbs.  of  water  per  minute  per  square  foot  of 
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grate,  the  following   rule  for  area  of  orifice  of  valve  is  obtained: — 

4  X  sqnnre  feet  of  grate      ,  c       -c       • 

^  -—  — i — 2 ^ where    a  =  area    oi    ormce   in    square 

inches,  and  p^  =  the  absolute  pressure. 

The  second  part  of  the  report  contains  the  result  of  a  series  of 
experiments  made  by  Mr.  D.  Rowan,  to  ascertain  the  increase  of 
pressure  in  the  boiler  over  the  load  on  safety-valve.  These  results 
are  tabulated,  and  the  increase  of  pressure  stated  as  a  percentage, 
which  ranged  from  IGO  with  a  load  of  5  lbs.,  to  15"5  -with  a  load  of 
45  lbs.  The  boiler  was  tubular,  having  25  square  feet  of  grate  sur- 
face, and  746  feet  heating  surface ;  two  valves  were  used  of  2^  inches 
diameter.  This  part  of  the  report  closes  by  showing  that  this  increase 
of  pressure  is.  principally  caused  by  the  use  of  valves  of  too  small 
dimensions. 

The  third  part  of  the  report  treats  of  "  Loading  safety-valves  by 
direct  springs,"  and  contains  rules  for  the  proportioning  of  springs 
from  experiments  made  by  Mr.  Walter  Brock.  The  "  lift "  having 
been  fixed,  a  percentage  of  the  load  remains  to  be  decided  upon, 
"  which  is  not  to  be  exceeded  by  the  additional  load  due  to  the  com- 
pression or  extension  of  the  spring  caused  by  the  lift  of  the  valve," 
this  is  assumed  as  21  per  cent,  of  the  original  load;  from  this  it  fol- 
lows that  "  the  compression  or  extension  to  produce  the  initial  load, 
shall  be  forty  times  the  lift  of  the  valve."  The  following  formula  is 
given  for  the  compression  or  extension  of  one  coil  of  the  spring: — 

d^  yi  w 
V. Where  E  =  Compression   or  extension   of  one   coil  in 

inches,  <f  :=  diameter  from  center  to  center  of  steel  composing  spring 
in  inches,  w  =  weight  applied  in  pounds.  D  =  diameter  or  side  of 
square  of  steel,  of  which  the  spring  is  made,  in  ISths  of  an  inch.  C, 
a  constant,  from  which  experiments  may  be  taken  as  twenty-two  for 
round  steel,  and  thirty  for  square  steel.  The  total  compression  or 
extension  is  obtained  by  multiplying  by  the  effective  number  of  coils, 
which  is  taken  as  two  less  than  the  apparent  number.  Examples  of 
the  application  of  these  rules  to  the  loading  of  valves  are  given  at 
close  of  this  part  of  report. 

The  report  concludes  by  an  expression  of  opinion  of  the  committee, 
from  which  we  make  the  following  extracts:  "The  present  practice 
in  this  country  of  constructing  safety-valves,  of  uniform  size  for  all 
pressures   is   incorrect.     The  valves   should   be    flat-faced,   and    the 
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breadth  of  the  face  need  not  exceed  one-twelfth  of  an  inch.  The 
present  system  of  loading  valves  on  marine  boilers  by  direct  Aveight  is 
faulty,  and  ill  adapted  for  sea-going  vessels.  That  two  safety-valves 
be  fitted  to  each  marine  beiler,  one  of  which  should  be  an  easing  valve. 
The  dimensions  of  each  of  these  valves,  if  of  the  ordinary  construc- 
tion, should  be  calculated  by  the  following  rule  :  — 

,       18  XG          ,       0-6  XHS       ,.r, 
*  —  or  A  — Q^ Where 


P  P 

A  =  area  of  valve  in  square  inches. 

G  =  grate  surface  in  square  feet. 

IIS  =  heating  surface  in  square  feet. 

P  =  absolute  pressure  in  lbs.  per  square  inch. 

"  The  committee  suggest  that  only  one  of  the  valves  may  be  of  the 

ordinary  kind,  and  proportioned  as  above,  and   that  it  should  be  the 

easing  valve.     The  other  may  be  so  constructed  as  to  lift  one  quarter 

of  its  diameter  Avithout  increase  of  pressure.     Valves  of  this  kind  are 

now  in  use,  and  one  such  valve,  if  calculated  by  the  following  rule, 

4  X  G 
would  be  of  itself  sufficient  to  relieve  the  boilers,  A=  — - —  -}-  area 

•133  X  HS 
of  guide  valve  or  A= -{-  area  of  guides  of  valve.     If  the 

heating  surface  exceeds  30  feet  per  foot  of  grate  surface,  the  size  of 
safety-valve  is  to  be  determined  by  the  heating  surface.  Springs 
should  be  adopted  for  loading  safety-valves,  and  should  be  direct- 
acting  where  practicable." 

Automatic  "Writing  Machine. — M.  Tli.  Huppinger,  says  the 
Revue  Industrielle,  has  just  invented  a  machine  for  writing  spoken 
words.  The  mechanism  is  not  large,  being  about  the  size  of  the 
hand.  It  is  so  put  in  communication  with  the  vocal  organs,  either 
the  lips,  the  tongue,  the  larynx,  etc.,  that  their  movements  are  trans- 
mitted through  a  series  of  articulated  levers,  and  recorded  upon  a 
band  of  paper  unrolled  for  the  purpose.  The  writing  consists  of 
dots  and  dashes.-  As  the  instrument  reproduces  only  the  movement 
of  the  vocal  organs,  it  is  not  necessary,  in  using  it  to  speak  loud. 
It  may  consequently  be  used  for  stenographic  purposes,  the  person 
to  whom  it  is  attached  simply  repeating  the  words  of  the  speaker 
after  him,  but  inaudibly. 
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EDITORIAL. 


ITEMS  AND  NOVELTIES. 

The  United  States  Commission  on  Tests  of  Iron,  Steel, 
etc. — The  Congress  of  die  United  States  made  provision  as  is  well 
known,  by  an  Act  approved  March  3d,  1875,  for  the  appointment  by 
the  President  of  a  Commission  to  experiment  and  report  upon  the 
metals  used  in  construction,  the  commission  to  be  composed  of  men 
eminent  in  the  specified  direction.  An  appropriation  of  $50,000  was 
made  to  defray  the  expenses  of  this  commission.  In  accordance  with 
this  Act  of  Congress,  the  President  appointed  Commander  L.  A, 
Beardslee,  U.S.N.,  well  known  for  his  investigations  on  tensile 
strains,  Lieut.  Col.  Q.  A.  Gillmore,  U.S.A.,  the  eminent  military 
engineer,  A.  L.  Ilolley,  C.E.,  whose  reputation  as  a  metallurgical 
engineer  is  national,  Lieut.  Col.  T.  T.  S.  Laidley,  U.S.A.,  the  ac- 
complished commandant  of  the  arsenal  at  Watertown,  Mass.,  Chief 
Engineer  David  Smith,  U.S.N,,  a  man  pre-eminent  among  dynamic 
engineers,  W.  Sooy  Smith,  C.E.,  and  Trof.  R.  IL  Thurston,  C.E., 
who  has,  by  his  new  testing  machine,  revolutionized  the  theory  of 
strenjrth  of  materials,  as  the  members  of  this  commission.     A  meet- 
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ing  for  organization  was  held  at  the  Watertown  Arsenal,  and 
at  that  meeting,  Lt.  Col.  T.  T.  S.  Laidley  was  elected  Presi- 
dent of  the  Commission,  and  Professor  R.  H.  Thurston,  Secre- 
tai-y.  In  one  of  the  circulars  they  have  issued,  the  statement  is  made 
that  the  commission  "  is  instructed  to  determine  by  actual  tests  the 
strength  and  value  of  all  kinds  of  iron,  steel,  and  other  metals  which 
may  be  submitted  to  it,  or  by  it  procured,  and  to  prepare  tables  which 
will  exhibit  the  strength  and  value  of  said  materials  for  constructive 
purposes." 

In  a  second  circular,  they  say : — 

"  The  Commission  desires  to  secure  the  assistance  of  all  who  are 
interested  in  this  great  work,  and  through  them  to  obtain  all  infor- 
mation available  as  the  result  of  the  labors  of  earlier,  or  of  contem- 
poraneous, investigators  and  observers.  I  take  the  liberty  of 
enclosing  herewith  circulars  indicating  the  scope  of  the  labors  under- 
taken by  this  Commission,  and  beg  that  you  will  aid,  by  such  methods 
as  may  be  by  you  deemed  best,  in  the  collection  of  all  information 
which  may  be  accessible,  relating  to  either  the  general  work  of  the 
Commission  or  to  the  special  subjects  assigned  to  its  committees. 
Data  collected  in  the  course  of  ordinary  business  practice,  and  the 
records  of  special  researches  previously  made  or  now  in  progress,  are 
particularly  desired. 

"  It  is  expected  that  the  Commission  will  receive  valuable  informa- 
tion and  useful  suggestions,  both  from  business  men  and  from  men  of 
science,  and  it  is  hoped  that  the  work  undertaken,  as  here  indicated, 
may  be  supplemented  by  original  investigations  made  by  both  these 
classes.  The  national  importance  of  this  work  justifies  the  expecta- 
tion of  an  earnest  and  effective  co-operation. 

"  Very  respectfully  yours, 

"R.  H.  THURSTON, 

"  Secretary." 

The  following  are  the  Standing  Committees  of  the  Board. 

(A.)  Ox  Abrasion  and  Wear. — R.  H.  Thurston,  C.E,,  Chairman, 
A.  L.  Ilollcy,  C.E.,  Chief  Engineer  D.  Smith,  U.S.N. 

Instructions. — To  examine  and  report  upon  the  abrasion  and  wear 
of  railw^iy  wheels,  axles,  rails  and  other  materials,  under  the  condi- 
tions of  actual  use. 

(B.)  On  Armor  Plate. — Lt.  Col.  Q.  A.  Gillmorc,  U.S.A.,  Chair- 
man, A.  L.  Ilolley,  C.E.,  R.  H.  Thurston,  C.E. 
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Instructions. — To  make  tests  of  Armor  Plate,  and  to  collect  data 
derived  from  experiments  already  made  to  determine  the  characteris- 
tics of  metal  suitable  for  such  use. 

(C.)  On  CnEMiCAL  Research. — A.  L.  Ilollej,  C.E.,  Chairman, 
R.  H.  Thurston,  C  E. 

Instructions. — To  plan  and  conduct  investigations  of  the  mutual 
relations  of  the  chemical  and  mechanical  properties  of  metals. 

(D.)  On  Chains  and  Wire  Ropes. — Commander  L.  A.  Beard- 
alee,  U.S.N.,  Chairman,  Lt.  Col.  Q.  A.  Gillmore,  U.S.A.,  Chief 
Engineer  D.  Smith,  U.S.N. 

Instructions. — To  determine  the  character  of  iron  best  adapted  for 
chain  cables,  the  best  form  and  proportions  of  link,  and  the  qualities 
of  metal  used  in  the  manufacture  of  iron  and  steel  wire  rope. 

(E.)  On  Corrosion  of  Metals. — W.  Sooy  Smith,  C.E.,  Chair- 
man, Lt.  Col.  Q.  A.  Gillmore,  U.S.A.,  Commander  L.  A.  Beardslee, 
U.S.A. 

Instructions. — To  investigate  the  subject  of  the  corrosion  of  metals . 
under  the  conditions  of  actual  use. 

(F.)  On  the  Effects  of  Temperature. — R.  11.  Thurston,  C.E., 
Chairman,  Lt.  Col.  Q.  A.  Gillmore,  U.S.A.,  Commander  L.  A.  Beard-, 
slee,  U.S.N. 

Instructions. — To  investigate  the  effects  of  variations  of  tempera- 
ture upon  the  strength  and  other  qualities  of  iron,  steel,  and  other, 
metals. 

(G.)  On  Girders  and  Columns. — W.  Sooy  Smith,  C.  E.,  Chair- 
man, Lt.  Col.  Q.  A.  Gillmore,  U.  S.  A.,  Chief  Eng'r  D.  Smith,  U.  S.  N. 

Instructions. — To  arrange  and  conduct  experiments  to  determine 
the  laws  of  resistance  of  beams,  girders  and  columns  to  change  of 
form  and  to  fracture. 

(IL)  On  Iron,  Malleable. — Commander  L.  A.  Beardslee, 
U.  S.  N.,  Chairman,  W.  Sooy  Smith,  C.  E.,  A.  L.  IloUey,  C.  E. 

Instructions. — To  examine  and  report  upon  the  mechanical  and 
physical  proportions  of  wrought  iron. 

(L)  On  Iron,  Cast. — Lt.  Col.  Q.  A.  Gillmore,  U.S.A.,  Chairman, 
R.  H.  Thurston,  C.E.,  Chief  Eng'r  D.  Smith,  U.S  N. 

Instructions. — To  consider  and  report  upon  the  mechanical  and 
physical  properties  of  cast  iron. 
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(J.)  On  Metallic  Alloys. — R.  II.  Thurston,  C.E.,  Chairman, 
Commander  L.  A.  Beardslee,  U.S.N.,  Chief  Eng'r  D.  Smith,  U.S.N. 

Instructions. — To  assume  charge  of  a  series  of  experiments  on  the 
characteristics  of  alloys,  and  an  investigation  of  the  laws  of  combin- 
ation. 

(K.)  On  Orthogonal  Simultaneous  Strains. — W.  Sooy  Smith, 
C.E.,  Chairman,  Commander  L.  A.  Beardslee,  U.S.N.,  R.  H.  Thurs- 
ton, C.  E. 

Instructions. — To  plan  and  conduct  a  series  of  experiments  on 
simultaneous  orthogonal  strains,  with  a  view  to  the  determination 
of  laws, 

(L.)  On  Physical  Phenomena. — W.  Sooy  Smith,  C.E.,  Ciiair- 
man,  A.  L.  Holley,  C.E.,  R.  II.  Thurston,  C.E. 

Instructions. — To  make  a  special  investigation  of  the  physical  phe- 
nomena accompanying  the  distortion  and  rupture  of  materials. 

(M.)  On  Re-Heating  and  Re-Rolling. — Commander  L.  A. 
Beardslee,  U.S.K,  Chairman,  Chief  Eng'r  D.  Smith,  U.S. N.,  W. 
Sooy  Smith,   C.E. 

Instructions. — To  observe  and  to  experiment  upon  the  effects  of  re- 
heating, re-rolling,  or  otherwise  re-working;  of  hammering,  as  com- 
pared with  rolling,  and  of  annealing  the  metals. 

(N.)  On  Steels  Produced  by  Modern  Processes. — A.  L.  Hol- 
ley, C.E.,  Chairman,  Chief  Eng'r  D.  Smith,  U.S.N.,  W.  Sooy  Smith, 
C.E. 

Instructions. — To  investigate  the  constitution  and  characteristics  of 
steels  made  by  the  Bessemer,  open  hearth,  and  other  modern  methods. 

(0.)  On  Steels  for  Tools.— Chief  Eng'r  D.  Smith,  U.S.N., 
Chairman,  Commander  L.  A.  Beardslee,  U.S.N.,  W.  Sooy  Smith, 
C.E. 

Instructions. — To  determine  the  constitution  and  characteristics, 
and  the  special  adaptations  of  steels  used  for  tools. 

"  The  above  named  Committees  of  this  Board  are  appointed  to  con- 
duct the  several  investigations,  and  the  special  researches  assigned 
them  in  the  interval  during  which  the  regular  work  of  the  Board  is 
delayed  by  the  preparation  of  the  necessary  testing  machinery,  and 
during  such  periods  of  leisure  as  may  afterwards  occur. 

"  Those  investigations  are  expected  to  be  made  with  critical  and 
Bcientific  accuracy,  and  will,  therefore,  consist  in  the  minute  analysis 
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of  a  somewhat  limited  number  of  specimens  and  the  precise  determin- 
ation of  mechanical  and  physical  properties,  with  a  view  to  the  de- 
tection and  enunciation  of  the  laws  connecting  them  with  the  pheno- 
mena of  resistance  to  flexure,  distortion  and  rupture. 

"  The  Board  will  be  prepared  to  enter  upon  a  more  general  investi- 
gation, testing  such  specimens  as  may  be  forwarded  to  the  President 
of  the  Board,  or  such  as  it  may  be  determined  to  purchase  in  open 
market,  immediately  upon  the  completion  of  the  apparatus  ordered, 
at  wiiich  time  circulars  will  be  published  giving  detailed  instructions 
relative  to  the  preparation  of  specimens  for  test,  and  stating  minutely 
the  information  which  will  be  demanded  previous  to  their  acceptance." 

The  Board  has  advertised  for  suitable  testing  msichines,  and  other 
apparatus  for  the  more  extended  investigations.  Meanwhile,  several 
of  the  above  Committees  have  issued  circulars  concerning  the  special 
subjects  they  have  in  charge.     Committee  A  says  in  its  circular  : — 

"  The  Board  has  assumed,  as  a  part  of  its  work,  the  investigation 
of  the  methods  and  effects  of  abrasion  and  wear  of  metals  in  en- 
gineering and  mechanical  operations. 

"  Thi.s  Committee  is  instructed  to  take  up  this  subject  and  to  report 
such  valuable  data  and  statistics,  and  such  information  as  it  may 
acquire  by  experiment  or  from  other  observers,  in  such  form  that  it 
may  be  readily  collated  and  made  useful  to  the  Government,  the  pub- 
lic, and  the  engineering  profession. 

"  The  Committee  would  be  pleased  to  receive  from  any  reliable 
source  precise  data  and  such  information  as  may  enable  the  Secretary 
to  compile,  in  as  concise  and  exact  form  as  possible,  a  statement  of 
the  mode  of  deformation,  the  rapidity  of  abrasion,  and  the  laws  gov- 
erning wear  in  any  important  typical  or  exceptional  cases. 

"The  executive  oflRcers  of  all  lines  of  railway  may  render  valuable 
aid  by  furnishing  statements  of  the  wear  of  rails  per  ton  of  trans- 
portation specifying  with  care  the  original  weight,  the  make,  and  the 
character  of  the  rail,  the  total  amount  of  transportation,  the  length 
of  time  occupied,  and  stating  whether  the  rail  finally  broke  or  was 
removed.  Specimens  of  rails  remarkable  either  for  endurance  or  for 
a  lack  of  this  quality,  if  sent  to  the  Committee,  will  be  of  use  in 
assisting  in  the  determination  of  the  chemical  and  other  properties 
which  most  affect  the  value  of  tlie  material  under  the  stated  condi- 
tions of  use. 

"  Similar  statistics  and  information  in  regard  to  the  wear  of  wheels, 
axles  and  other  parts  of  rolling  stock  and  machinery  will  be  equally 
valuable. 

"Engineers  having  in  any  instance  noted  and  accurately  recorded 
such  data,  are  requested  to  transmit  to  this  committee  copies  of 
their  memorauda. 
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*' The  wear  of  journals  under,  heavy  loads,  or  at  high  velocities,  as 
well  as  under  ordinary  conditions,  is  an  important  branch  of  this 
subject.  When  possible,  it  is  desired  that  the  dimensions  of  the 
journal,  the  maximum,  the  minimum  and  the  mean  weiglit  sustained, 
and  the  velocity  of  rubbing  or  number  of  revolutions  per  minute 
should  be  given.  The  nature  of  the  lubricant  is  an  essential  element, 
and  its  composition  should  be  stated,  the  method  and  frequency  of  ap- 
plication and  the  quantity  used  should  be  given.  When  known,  or 
readily  ascertained,  the  coefficient  of  friction  should  be  given.  It 
should  also  be  noted  whether  heating  occurs,  and  under  what  circum- 
stances of  pressure  and  velocity  of  rubbing  surfaces. 

"Peculiar  instances  of  the  behavior,  or  unusual  expedients  in  the 
management  of  bearings,  if  described  accurately  and  concisely,  will 
be  accepted,  with  thanks. 

"  The  wear  of  tools,  under  the  various  conditions  of  workshop 
practice,  is  another  subject  of  investigation. 

"  Weighing  the  tools  carefully  before  and  after  use,  and  weighing 
the  amount  of  metal  removed  will,  perhaps,  be  found  the  most  accu- 
rate method  of  determining  the  rate  of  abrasion.  The  area  of  sur- 
face finished,  and  the  area  of  the  surface  cut  by  the  tool  should  be 
accurately  ascertained  and  stated. 

"  The  description  of  the  tools,  its  shape,  method  of  operation,  the 
kind  of  metal  used  in  the  tool,  the  temper  adopted,  the  character  of 
the  metal  cut  by  it,  the  velocity  of  the  tool,  and  where  peculiarities 
of  behavior  were  noted,  a  careful  statement  of  them  should  be  given. 
This  information  will  still  be  more  valuable  if  the  tool  itself  and 
specimens  of  the  chips  produced  by  it  are  furnished. 

"  The  power  required  to  drive  the  tool  can  sometimes  be  readily 
determined,  and  such  information  is  of  great  value. 

"The  recent  investigations  of  M.  Tresca — Memoir  Sur  le  Rahotage 
des  Metaux,  etc. — is  an  excellent  example  of  such  research. 

"  For  all  information  Avhich  may  properly  fall  within  the  limits  of 
their  investigation,  this  committee  will  return  suitable  acknowledgment. 

"R.  H.  THURSTON, 

"  Cltairman.'" 

We  have  also  received  a  circular  from  the  committee  marked  "J;" 
in  which  it  is  stated  that  the  committee  "  has  been  instructed,  during 
such  time  as  may  be  found  available  pending  the  construction  of  the 
apparatus  ordered  by  the  Board  for  use  in  general  work,  and  during 
such  intervals  as  may  subsequently  be  properly  appropriated  to  such 
purpose,  to  investigate  the  mechanical,  physical  and  chemical  proper- 
ties of  the  alloys  of  the  useful  metals,  and  to  determine,  if  possible, 
their  interdependence  and  the  laws  governing  the  phenomena  of  com. 
bination  and  of  their  resistance  to  stress. 
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"The  Committee  desire  to  obtain  records  of  all  experiments  which 
have  hitherto  been  made  in  this  direction,  and  to  secure  such  exact 
information  as  may  assist  further  researches.  It  is  desirable  that 
such  records  should  embody  a  statement  of  the  precise  chemical  con- 
stitution of  each  alloy  examined,  as  obtained  both  by  synthesis  and 
subsequent  analysis.  Its  specific  gravity,  specific  heat,  conductivity, 
its  combining  number,  and  the  relation  of  its  chemical  constitution 
to  the  scries  of  similar  compounds  produced  by  alloying  the  elements 
in  the  proportions  of  chemical  equivalents,  should  be  stated  wlienever 
possible,  A  few  thoroughly  well  studied  examples  will  be  of  more 
service  than  a  large  number  of  isolated  determinations  of  single  facts. 

"  It  is  further  desired  that  the  ultimate  strength,  the  elastic  limit, 
the  modulus  of  elasticity,  the  ductility,  resilience,  homogeneousness, 
hardness  and  other  mechanical  properties  of  the  specimen  be  ascer- 
tained and  accurately  stated. 

"  Where  only  a  part  of  this  work  can  be  done  by  the  investigator, 
this  Committee  is  prepared  to  assume  charge  of  the  remaining 
portion  of  the  research,  when  the  alloy  can  be  furnished  in  proper 
quantity  and  form. 

"  References  to  published  accounts  of  similar  works  and  mono- 
graphs on  any  branch  of  the  subject  will  be  thankfully  accepted. 
Special  researches  made  for  this  Committee  will  be  received  with  ap- 
propriate acknowledgments. 

"  The  Departments  of  Physics  and  of  Chemistry  in  the  various 
colleges  and  universities  will  probably  be  able  to  render  valuable  aid, 
and  tbeir  co-operation  is  earnestly  requested. 

"  The  Schools  of  Engineering  are  in  a  position  to  assist  this 
Committee  very  effectively  and  their  contributions  will  be  thankfully 
accepted. 

"  Suitable  blanks  upon  which  to  record  the  data  offered,  will  be 
furnished  upon  application. 

"Specimens  of  alloys  for  test  by  the  Committee  must  be  accom- 
panied by  a  statement  upon  these  blanks  of  their  precise  constitution, 
and  such  information  as  it  is  possible  to  give,  with  an  account  of  such 
peculiarities  as  are  known  to  distinguish  the  alloy,  and  of  the  special 
object  which  it  is  supposed  may  be  attained  by  the  investigation. 

"  Where  possible,  it  is  required  that  one  or  more  specimens  shall 
be  furnished  of  each  of  the  specified  kinds,  and  of  precisely  the  form 
and  dimensions,  which  will  be  given  on  application. 

"R.  II.  THURSTON, 

^^  Chairman.'' 

We  cannot  too  heartily  endorse  the  enlightened  action  of  Congress 
in  aj-ipolnting  this  Commission,  nor  that  of  the  President  in  his  most 
ju<licious  selection  of  its  members.  There  is  every  reason  to  expect 
from  this  Board  the  most  full  and  complete  investigation  of  the  sub- 
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jects  which  come  under  its  charge,  which  has  ever  been  made  in  the 
history  of  engineering.  We  earnestly  hope  that  a  broad  and  patri- 
otic liberality  rather  than  a  narrow  selfishness  will  be  the  motive 
enlisting  the  cordial  co-operation  of  all  of  our  metallurgists  and  manu- 
facturers who  can  in  any  way  aid  in  developing  results  so  valuable 
in  themselves  and  so  important  to  the  country  at  large. 

Centennial  Exhibition. — The  progress  on  the  Centennial  Build- 
ings and  Grounds,  since  our  last  issue,  has  been  very  marked  and 
quite  satisfactory  to  the  building  committee  and  to  the  commission, 
and  the  advanced  stage  of  the  preparations  generally,  as  compared 
with  those  for  the  late  European  International  Exhibition,  has  been 
very  favorably  commented  on  by  several  distinguished  foreigners,  who 
have  had  large  opportunities  for  such  comparison. 

The  Main  Exhibition  Building,  of  which  we  give  illustrations 
is  in  the  form  of  a  parallelogram,  extending  east  and  west  1,880  feet 
in  length,  and  north  and  south  464  feet  in  width.  The  larger 
portion  of  the  structure  is  one  story  in  height,  and  shows  the 
main  cornice  upon  the  outside  at  45  feet  above  the  ground, 
the  interior  heio;ht  beino;  70  feet.  At  the  centre  of  the  lonj^er  sides 
are  projections  416  feet  in  length,  and  in  the  centre  of  the  shorter 
sides  or  ends  of  the  building  are  projections  216  feet  in  length.  In 
these  projections,  in  the  centre  of  the  four  sides,  are  located  the  main 
entrances,  which  are  provided  with  arcades  upon  the  ground  floor,  and 
central  facades  extending  to  the  height  of  90  feet. 

The  East  Entrance  will  form  the  principal  approach  for  carriages, 
visitors  being  allowed  to  alight  at  the  doors  of  the  building  under 
cover  of  the  arcade.  The  South  Entrance  will  be  the  principal  approach 
from  street  cars,  the  ticket  offices  being  located  upon  the  line  of  Elm 
Avenue,  with  covered  ways  provided  for  entrance  into  the  building 
itself.  The  Main  Portal  on  the  north  side  communicates  directly 
with  the  Art  Gallery,  and  the  Main  Portal  on  the  west  side  gives  the 
main  passage  way  to  the  Machinery  and  Agricultural  Halls. 

Upon  the  corners  of  the  building  there  are  four  towers,  75  feet  in 
height,  and  between  the  towers  and  the  central  projections  or  entran- 
ces, the^e  is  a  lower  roof  introduced  showing  a  cprnice  at  24  feet 
above  tlie  ground.  In  order  to  obtain  a  central  feature  for  the  build- 
ing as  a  whole,  the  roof  over  the  central  part,  for  184  feet  square,  has 
been  raised  above  the  surrounding  portion,  and  four  towers,  48  feet 
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square,  rising  to  120  feet  in  height,  have  been  introduced  at  the  cor- 
ners of  the  elevated  roof. 

The  areas  covered  are  as  follows  : 

Ground  Floor,  ....  872,320  square  feet.  20-02  acrea 

Upper  Floors  in  projections,                 .                 .            37,344      "         "  -85     " 

"     in  towers,                 .                 .                 .  26,344      "        "  -60     " 


936,008  21-47 

The  general  arrangement  of  the  ground  plan  shows  a  cen- 
tral avenue  or  nave  120  feet  in  width,  and  extending  1,832  feet 
in  length.  This  is  the  longest  avenue  of  that  width  ever  introduced 
into  an  E.xhibition  Building.  On  either  side  of  this  nave  there  is  an 
avenue  100  feet  by  1,832  feet  in  length.  Between  the  nave  and  side 
avenues  are  aisles  48  feet  wide,  and  on  the  outer  sides  of  the  building 
smaller  aisles  24  feet  in  width.  In  order  to  break  the  great  length 
of  the  roof  lines,  three  cross  avenues  or  transepts  have  been  intro- 
duced of  the  same  widths  and  the  same  relative  positions  to  each  other 
as  the  nave  and  avenues  running  lengthwise,  viz ;  a  central  transept 
120  feet  in  width  by  41G  feet  in  length,  with  one  on  either  side  of 
100  feet  by  416  feet,  and  aisles  between  of  48  feet.  The  intersections 
of  these  avenues  and  transepts  in  the  central  portion  of  the  building 
result  in  dividing  the  ground  floor  into  nine  open  spaces  free  from 
supporting  columns,  and  covering  in  the  aggregate  an  area  of  416 
feet  square.  Four  of  these  spaces  are  100  feet  square,  four  100  feet 
by  120  feet,  and  the  central  space  or  pavilion  120  feet  square.  The 
intersections  of  the  48  feet  aisles  produce  four  interior  courts  48  feet 
square,  one  at  each  corner  of  the  central  space. 

The  main  promenades  through  the  nave  and  central  transept,  are 
each  30  feet  in  width,  and  those  through  the  centre  of  the  side  ave- 
nues and  transepts  15  feet  each.  All  other  walks  are  10  feet  wide, 
and  lead  at  either  end  to  exit  doors. 

The  foundations  consist  of  piers  of  masonry.  The  superstructure  is 
composed  of  wrought  iron  columns  which  support  wrought  iron  roof 
trusses.  These  columns  arc  composed  of  rolled  channel  bar.s  with 
plates  riveted  to  the  flanjies.  Lensrthwise  of  the  buildiiiir  the  columns 
are  spaced  at  the  uniform  distance  apart  of  24  feet.  In  the  entire 
structure  there  are  672  columns,  the  shortest  being  23  feet  and  the 
lon(je.-<t  12o  feet  in  len^rth.  Their  a<ifrre;j'ate  weifjlit  is  2,200,000 
pounds.  Thereof  trusses  arc  similar  in  form  to  those  in  general  use 
for  Depots  and  Warehouses,  and  consist  of  straight  rafters  with  struts 
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and  tie-bars.  The  aggrecrate  weiofht  of  iron  in  the  roof  trusses  and 
girders  is  5,000,000  pounds.  This  building  being  a  temporary  con- 
struction the  columns  and  trusses  are  so  designed  that  they  may  be 
easily  taken  down  and  erected  again  at  another  site.  The  sides  of  the 
building  for  the  height  of  seven  feet  from  the  ground  are  finished  with 
brickwork  in  pannels  between  the  columns.  Above  the  sev*en  feet, 
with  glazed  sash.  Portions  of  the  sash  are  movable  for  ventilation. 
The  roof  covering  is  of  tin  upon  sheathing  boards.  The  ground  floor- 
ing is  of  plank  upon  sills  resting  upon  the  ground,  with  no  open 
space  underneath.  All  the  corners  and  angles  of  the  building  upon 
the  exterior  are  accentuated  by  galvanized  iron  octagonal  turrets 
which  extend  the  full  height  of  the  buildino;  from  the  ground  level  to 
above  the  roof.  These  turrets  at  the  corners  of  the  towers  are  sur- 
mounted with  flag  staff's,  at  other  places  with  the  national  eagle. 
The  national  standard  with  appropriate  emblems  is  placed  over  the 
centre  of  each  of  the  four  main  entrances.  Over  each  of  the  side  en- 
trances is  placed  a  trophy  showing  the  national  colors  of  the  country 
occupying  that  part  of  the  building,  At  the  vestibules  forming  part 
of  the  four  main  entrances  variegated  brick  and  tile  have  been  intro- 
duced. The  building  stands  nearly  due  east  and  west  and  is  lighted 
almost  entirely  by  side  light  from  the  north  and  south  sides.  Louvre 
ventilators  are  introduced  over  the  central  nave  and  each  of  the  avenues. 
Skylights  are  introduced  over  the  central  aisles.  Small  balconies,  or 
galleries  of  observation,  have  been  provided  in  the  four  central 
towers  of  the  buildincr  at  the  heights  of  the  diff'erent  stories.  These 
will  form  attractive  places  from  which  excellent  views  of  the  whole 
interior  may  be  obtained.  A  complete  system  of  water  supply  with 
ample  provision  of  fire  cocks,  etc.,  is  provided  for  protection  against 
file,  and  for  sanitary  purposes. 

Offices  for  Foreign  Commissions  are  placed  along  the  sides  of  the 
building  in  the  side  aisles,  in  close  proximity  to  the  products  exhibi- 
ted. As  many  of  the  24  feet  spaces  being  partitioned  off"  for  that 
purpose  as  may  be  required.  Offices  for  the  administration  may  be 
placed  at  the  ends  of  the  building  and  on  the  second  floor. 

The  form  of  the  building  is  such  that  all  exhibitors  will  have  an 
equally-fair  opportunity  to  exhibit  their  goods  to  advantage.  There  is 
comparatively  little  choice  of  location  necessary,  as  the  light  is  uni- 
formly disti'ibuted  and  each  of  the  spaces  devoted  to  products  is 
located  upon  one  of  the  main  thoroughfares. 

The  erection  of  the  main  exhibition  building   is  progressing  very 
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satisfactorily,  six  or  eight  sections  per  avccIc  being  added,  at  which 
rate  the  entire  framework  should  be  completed  in  August. 

The  setting  of  the  granite  on  the  south  and  east  fronts  of  the  Art 
Building  is  nearly  completed,  and  on  the  other  portions  being  well 
along.  The  roof  is  being  placed  on  the  eastern  half,  and  the  scaffold- 
ing for  the  erection  of  the  dome  is  in  place. 

All  the  framework  of  that  portion  of  Machinery  Hall  from  its 
eastern  end  to  the  transept  (nearly  half)  is  up,  and  considerable  of  it 
is  under  roof,  and  is  expected  to  be  floored  and  so  far  finished  that  it 
will  be  used  for  the  celebration  of  the  4th  of  July.  Meanwhile  the 
western  half  of  the  building  is  being  erected  with  the  same  energy 
that  has  been  so  apparent  since  its  commencement. 

The  Horticultural  Hall  has  risen  to  the  coping  of  the  masonry,  and 
is  now  receiving  the  iron  framework  of  the  superstructure.  One  of 
the  Administration  Offices,  100  by  80  feet,  is  so  far  completed  that  a 
portion  is  now  occupied. 

Ground  will  be  broken  for  the  Agricultural  Building  on  the  5th  of 
July  next,  and  the  arrangements  for  its  erection  are  of  such  a  char- 
acter, as  to  insure  its  completion  in  ample  time. 

The  designs  for  the  Bridge  across  Landsdowne  Valley  are  completed 
and  the  contract  for  its  erection  is  executed.  This  bridge,  which  was 
originally  intended  to  be  a  temporary  one,  it  is  now  proposed  to  make 
a  permanent  structure.  It  will  be  80  feet  wide,  and  the  line  of  the 
enclosure  of  the  grounds  will  divide  its  width,  leaving  50  feet  outside 
for  the  park  drive  and  30  feet  on  the  inside  as  a  means  of  communi- 
cation between  the  Art  Building  and  Horticultural  Hall. 

A  contract  has  been  entered  into  with  Mr.  H.  R.  Worthington,  of 
New  York,  for  the  erection  of  a  compound  duplex  pumping  engine  of 
five  to  six  millions  gallons  capacity,  to  supply  the  Exhibition  with 
water.  This  will  be  located  on  the  bank  of  the  Schuylkill,  on  the 
north  of  Landsdowne  Creek,  and  the  water  will  be  conducted  thence 
up  the  valley  to  the  system  of  distributing  pipes  in  the  various  build- 
ings and  grounds. 

The  correspondence  with  foreign  governments  and  commissions 
shows  that  active  and  extensive  preparations  are  being  made  by  nearly 
all  of  them  for  participating  in  our  national  celebration,  and  while 
there  is  no  doubt  that  our  own  people  have  the  matter  very  much 
at  heart,  it  is  well  to  consider  whether  we  are  sufficiently  alive  to  the 
importance  of  beginning  our  preparations  at  once  and  of  making 
early  application  for  space.  K. 
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Merriman's  Water-proof  Life  Saving  Dress  tias  attracted 
much  attention  for  a  year  past  and  has  been  subjected  to  very  severe 
tests,  Avhich  have  fully  confirmed  the  high  opinion  expressed  in  its 
favor  last  summer. 

Its  good  qualities  were  fully  developed  by  Capt.  Boyton  in  his  two 
trips  across  the  English  Channel,  quite  recently  ;  and  at  the  meeting 
of  the  Institute  in  April,  a  duplicate  of  the  one  used  by  him  was  exhib- 
ited. 

The  dress  is  composed  of  two  principal  parts :  the  upper  portion 
consists  of  the  shirt  or  jacket,  a  head  piece,  sleeves  and  gloves,  all  in 
one  piece,  and  made  of  rubber-cloth  or  other  water-proof  material. 
The  lower  portion  is  composed  of  the  pantaloons  and  boots  in  one 
piece  of  similar  material.  The  front  of  the  head  piece,  correspond- 
ing with  the  face  of  the  wearer,  is  made  highly  elastic,  and  has  an 
aperture  of  suitable  size  to  expose  the  eyes,  nose  and  mouth.  The 
top,  back  and  sides  of  the  head  piece  are  made  double,  forming  a 
cavity  for  the  purpose  of  admitting  of  expansion  by  inflation.  The 
effect  of  this  inflation  is  not  only  the  support  of  the  head  when  it 
rests  upon  the  surface  of  the  water,  but  it  draws  the  elastic  edges  of 
the  aperture  tight  around  the  face,  preventing  the  ingress  of  water 
to  the  interior  of  the  dress. 

The  back  and  front  of  the  shirt  are  also  double,  the  cavity  in  the 
back  extending  upward  over  the  back  of  the  neck  to  the  head.  The 
pantaloons  are  also  double  from  the  waist  to  the  knees,  forming  cavi- 
ties front  and  back  for  inflation. 

All  these  cavities  are  provided  with  flexible  tubes,  long  enough  to 
reach  the  mouth  of  the  wearer  and  have  proper  valves  and  stop-cocks. 
By  means  of  these  tubes  the  several  parts  of  the  dress  may  be  in- 
flated to  any  desired  degree.  At  the  upper  edge  of  the  pantaloons 
is  fastened  a  rigid  hoop,  over  which  is  stretched  the  lower  edge  of 
the  shirt,  and  secured  water-tight  by  means  of  a  waist  belt  drawn 
firmly  around  all. 

By  dividing  the  dress  in  two  parts,  which  can  be  readily  joined  in 
a  water-tight  manner,  it  can  be  put  on  and  secured  by  the  wearer  in 
a  very  short  time,  and  inflated  without  aid  from  others. 

A  gi^eat  advantage  of  this  dress,  besides  its  floating  power,  is  that 
the  air  cavities  surrounding  the  vital  portions  of  the  body,  protect  it 
from  becoming  chilled  by  long  exposure  in  the  water.  K. 
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Chemical  Composition  of  Metaline. — We  find  a  note  upon 
this  new  dry  lubricant  in  Dingler's  Polytechnisches  Journal,  written 
by  Vogdan  Hoff.  During  his  residence  in  London,  he  had  consider- 
able experience  with  it,  and  with  the  company  manufacturing  it.  In 
order  to  reduce  the  friction  to  a  minimum,  the  greatest  care  is  neces- 
sary in  working  the  surfaces  which  are  to  come  in  contact,  so  as  to 
run  perfectly  true  and  to  have  a  high  polish.  In  the  bearing  holes 
are  bored  in  series,  two  or  three  centimeters  distant  from  each  other, 
and  three  millimeters  deep.  These  are  then  filled  with  metaline, 
which  thus  constitutes  the  sole  lubricating  material.  The  substance 
itself  is  a  graphite-like  mass  only  a  little  harder  than  lead.  It  does 
not  melt  on  being  heated,  but  evolves  a  tar-like  odor.  On  cooh'ns:,  it 
returns  to  its  original  consistence.  Under  the  microscope,  some  of 
its  constituents  may  be  detected,  namely,  scales  of  graphite,  metallic 
particles,  and  amorphous  w^hite  grains.  A  specimen  furnished  by  the 
metaline  company,  on  being  subjected  to  analysis,  afforded  the  fol- 
lowing composition  : 


Paraffin, 

4-98. 

Carbon, 

18-89. 

Silica, 

G-44. 

Lime, 

.3-96. 

Magnesia, 

1-99. 

Ferric  Oxide, 

3-94. 

Alumina, 

2-53. 

Lead, 

3240. 

Zinc, 

20-07. 

Tin, 

1-55. 

Copper, 

2-75. 

Moisture, 

0-51. 

100-01. 


Tracing  Paper. — M.  C.  Puscher  has  lately  invented  a  very 
simple  method  of  making  and  unmaking  tracing  paper,  which  prom- 
ises to  be  of  great  service.  The  drawing  paper  to  be  made  trans- 
parent is  well  moistened  with  a  sponge  wet  with  a  solution  of  castor 
oil  in  two  or  three  times  its  volume  of  absolute  alcohol,  according  to 
the  thickness  of  the  paper.     After  a  few  minutes  the  alcohol  evapo- 
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rates  and  leaves  the  paper  ready  for  use.  The  drawing  may  now  be 
made  upon  it  either  in  crayon  or  in  India  ink.  After  this  the  paper 
is  restored  to  its  original  opacity  by  immersing  it  for  a  given  length 
of  time  into  absolute  alcohol,  which  dissolves  and  removes  the  oil. 
The  alcohol  so  used  serves  for  making  a  new  solution. 


The  Microscope  and  its  Revelations.  By  William  B.  Car- 
penter, M.D.,  L.L.D.,  etc.  Fifth  edition;  illustrated  by  twenty-five 
plates  and  four  hundred  and  forty-nine  woodcuts.  Small  8vo.,  pp. 
xxxii,  848.  Philadelphia,  1875.  (Lindsay  &  Blakiston.)  The 
present  treatise  on  the  microscope  has  been  long  known  as  perhaps 
the  best  book  in  English  upon  the  general  subject.  The  high  position 
of  its  author  among  physiologists,  and  his  extensive  acquaintance 
with  the  microscope  in  connection  with  his  special  studies,  makes  him 
abundantly  competent  in  this  direction.  In  the  edition  before  us,  the 
whole  of  the  matter  is  stated  to  have  been  carefully  revised.  Many 
new  forms  of  microscope  and  of  microscopical  appliances  are  now  de- 
scribed for  the  first  time,  and  some  of  the  more  important  results  of 
microscopical  investigation  have  been  introduced.  For  the  American 
reader  however,  it  would  have  been  desirable  to  mention  some  of  the 
noteworthy  stands  and  objectives  made  iii  this  country,  and  to  have 
given  more  space  to  the  microscopic  work  done  here.  Mr.  Tolles  is 
the  only  manufacturer  mentioned,  and  he  only  incidentally.  Dr. 
Woodward" s  excellent  work,  especially  in  photography,  and  Dr. 
Wormley's  in  micro-chemistry  are  referred  to,  though  not  in  eztenso. 
Without  raising  the  question  here  whether  an  entirely  new  book  is  not 
preferable  to  a  new  edition  of  quite  an  old  one,  we  may  still  say  that 
the  beginner  in  microscopy  will  find  this  book  of  Dr.  Carpenter's 
very  useful  for  consultation ;  and  that  the  advanced  microscopist  will 
find  its  well  arranged  pages  of  great  service  for  ready  reference.  Of 
course,  as  in  all  cases  of  special  study,  monographs  on  the  particular 
subject  under  investigation,  can  alone  be  expected  to  give  minute  mi- 
croscopic details.  The  book  before  us  is  a  fac-simile  of  the  English 
edition, -having  been  printed  (and  we  suppose  bound)  on  the  other 
side  of  the  ocean,  for  the  American  publishers,  and  with  their  imprint. 
The  plates  and  woodcuts  are  excellent,  and  the  general  typography 
and  binding  are  very  creditable. 
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Hall  of  the  Institute,  April  21st,  1875. 

The  stated  meeting  was  called  to  order  at  8  o'clock,  P.M.,  the  Pres- 
ident, Dr.  Robt.  E.  Rogers  in  the  chair. 

There  were  92  members  present. 

The  minutes  of  the  stated  meeting,  held  March  ITth,  were  read 
and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
stated  that  at  the  meeting  held  on  the  lith  inst.,  the  following  dona- 
tions to  the  Library  were  received  : 

Geological  Survey  of  Canada.  Report  of  Progress  for  1873-4. 
From  A.  R.  C.  Selwyn,  F.  R.  S.,  &c. 

Report  of  the  Commissioner  of  Education  for  the  year  1873.  From 
the  Commissioner.     "Washington. 

Report  of  the  Proceedings  of  the  Conference  on  Maritime  Meteor- 
ology, held  in  London,  1874.  Protocols  and  Appendices.  From  the 
Meteorological  Committee.     London. 

Fifth  Annual  Report  of  the  Board  of  Commissioners  of  Public 
Charities  of  the  State  of  Pennsylvania,  1874.  From  the  Board  of 
Public  Charities. 

The  Secretary  reported  that  the  Board  at  its  last  meeting,  consid- 
ered the  plans  for  the  alteration  of  the  Institute  Building,  submitted 
by  the  committee  appointed  for  that  purpose,  and  approved  of  that 
portion  relating  to  the  second  floor,  which  contemplates  removing  one 
of  the  stair-cases  and  a  portion  of  the  partition  between  the  Library 
Room  and  the  Hall,  thus  utilizing  about  three-fifths  of  the  latter  for 
the  use  of  the  Library.  The  plans  were  then  referred  back  to  the 
committee  for  perfecting  in  detail,  and  to  have  embodied  in  them  ar- 
rangements for  heating  and  ventilation. 

The  Secretary  presented  the  *'  Sansom  "  'wheel  jack,  the  invention 
of  H.  E.  Nittinger,  a  convenient  and  compact  instrument  for  raising 
and  holding  the  a.xles  of  wagons  and  other  vehicles,  while  the  wheels 
arc  cleaned  or  removed.  Also  a  specimen  of  an  improved  dioptric,  or 
water  light,  the  invention  of  M.  C.  Meigs,  Quartermaster  General 
IT.  S.  A.,  for  the  use  of  students,  mechanics,  artists,  and  others  who 
need  a  strong  light,  which  shall  at  the  same  time  be  steady  and  soft. 
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The  Secretary  presented  a  statement  showing  an  increasincr  de- 
mand for  Engineering  Instruments  of  Philadelphia  make ;  Messrs. 
Heller  &  Brightly  having  recently  received  a  large  number  of  foreign 
and  domestic  orders  which  have  heretofore  been  given  to  European 
manufacturers. 

As  a  matter  of  interest  connected  with  the  coming  Centennial,  the 
Secretary  projected  on  the  screen  a  plan  and  elevation  of  a  hotel  to  be 
669  feet  long  by  20-i  feet  wide,  occupying  the  square  of  ground 
bounded  by  39th  and  40th,  Poplar  and  Sylvan  Streets.  It  is  pro- 
posed to  so  construct  the  building  that  it  may  be  easily  converted 
into  dwellings,  such  as  are  likely  to  be  in  demand  in  that  section  of 
the  city  after  the  exhibition  is  over. 

The  Secretary  then  presented  a  large  number  of  views  showing  con- 
siderable advancement  on  the  Centennial  Buildings,  also  a  plan 
of  the  situation  of  the  different  buildings,  and  other  improvements  in 
the  Centennial  grounds. 

Mr.  J.  E.  Mitchell  offered  the  following  amendment  to  the  By-Laws  : 

Resolved,  That  Section  7  of  Article  2  of  the  By-Laws  be  repealed. 

In  response  to  an  inquiry,  the  chair  made  some  further  explana- 
tion of  the  proposed  alterations  to  the  building,  and  some  discussion 
followed,  participated  in  by  Messrs.  Close,  Hoover,  Lippman  and  Orr. 

Mr.  J.  J.  Weaver  offered  the  following  amendment  to  the  By-Laws. 

Article  5,  Section  1  of  By-Laws  be  amended  by  adding  to  the 
second  sentence  the  following  :  "  And,  provided  further,  that  no  mem- 
ber of  the  Board  of  Managers  shall  be  eligible  for  re-election  as  a 
Manager  for  the  period  of  two  years  after  his  term  of  office  has  ex- 
pired." 

Article  XVI,  of  By-Laws,  be  amended,  by  striking  out  the  last 
sentence,  and  substituting  the  following  :  ''  In  all  cases,  notice  of  pro- 
posed amendments  shall  be  given  in  connection  with  the  notice  of 
meeting  at  which  said  amendment  is  to  be  acted  upon,  by  publication 
daily  in  three  or  more  newspapers,  published  in  the  city  of  Philadel- 
phia, for  at  least  three  consecutive  days  immediately  preceding  the 
time  of  said  meeting."  These  amendments  were  seconded  by  Mr. 
Chabot. 

Mr.  Close  moved  to  postpone  the  advertising  of  all  the  proposed 
amendments  for  one  month,  which  was  carried. 

On  motion  the  meeting  then  adjourned. 

J.  B.  Knight,  Secretary. 
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THE  THEORY  OF  THE  TENSION  OF  BELTS. 


By  Prof.  L.  G.  Franck,  of  the  University  of  Pennsylvania. 


A  few  gentlemen  practically  engaged  in  mechanical  engineering, 
who,  as  they  state,  have  sufficient  knowledge  to  follow  a  mathematical 
demonstration,  requested  me  to  advance  a  theory  on  the  tension  of 
belts  on  pulleys,  for  comparison  with  their  own  practical  experience, 
and  they  further  express  the  desire  to  have  the  theory  published  in 
one  of  the  scientific  periodicals. 

Complying  with  their  wishes,  I  have  to  make  a  few  preliminary 
remarks,  upon  which  the  subsequent  theory  is  based. 

The  friction*  of  the  belt  on  the  circumference  of  the  driving  pulley 
is,  in  ray  opinion,  the  force  that  drives  the  belt  with  the  same  circum- 
ferential velocity  with  which  the  pulley  moves. 

But  as  this  is  contrary  to  the  views  of  many  writers  on  mechanics, 
and  as  it  is  laid  down  in  standard  works  that  friction  is  but  a  negative 
force — that,  in  other  words,  friction  can  never  be  the  source  of 
motion — therefore  it  appears  to  me  necessary  to  establish  argumen- 
tatively  the  view  above  expressed. 

If  it  were  true  that  friction  never  can  become  a  positive  force,  the 
uppermost  doctrine  in  mechanics,  namely,  that  action  and  re-action 
are  equal  to  each  other,  would  be  radically  destroyed.  There  are  quite  a 
number  of  examples  which  clearly  show  that  friction  is  the  source  of 
motion.  For  if  the  motion  of  a  body  upon  a  support  is  to  some  de- 
gree resisted  by  friction,  this  same  friction  reacts  upon  the  support 
equally,  and  will  cither  move  it  or  will  have  a  tendency  to  do  it. 
This  is  illustrated  by  the  friction  wheels,  friction  clutches,  the  jump- 

*  Some  writers  call  this  force  adhesion ;  but  as  it  will  be  shown  in  the  sequel  that 
this  force  is  independent  of  the  area  or  surface,  it  cannot  properly  be  called  a<lliesion, 
which  we  know  is  dependent  on  area. 
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ng  back  of  a  wedge-shaped  key,  and  also  by  air  passing  over  a 
surface  of  water,  in  consequence  of  which  particles  of  the  water  are 
put  in  motion. 

I  shall  now  proceed  to  derive  a  few  formulae,  and  will  illustrate 
them  by  numerical  examples.  In  order  not  to  involve  too  much 
mathematics,  I  shall  set  out  with  the  well-known  formula  -derived 
almost  in  every  treatise  on  mechanics : 


P=/l  +2fsin  -  )"Q. 


(1) 


where  P  denotes  the  force  required  to  start  the  weight  Q  ;  f,  the  co- 
eflScient  of  friction ;  a,  the  angle  which  two  planes  form ;  and  n,  the 
number  of  faces  over  which  the  belt  passes.     (Fig.  1.) 


Fig.  1. 


Fig.  2. 


Now,  fitting  the  above  formula  for  a  cylindrical  surface — regarding 
the  pulleys  as  cylinders — we  must  put  a  equal  to  the  angle  which  two 
consecutive  elements  of  a  circle  form.     Since  the  number  of  elements 


is  very  great,  the   angle  -  is  very  small,  and  since  the  sine  of    a 
n 

very  small  angle  approximates  its  arc,  we  can  put:    (Fig.  2.) 

Raising  this  expression  to  the  nth.  power,  by  means  of  the  bino- 
mial theorem,  and  rejecting  all  terms  after  the  second,  as  these  quan- 
tities are  not  assignable,  we  obtain  : 

P  =  (l4-fa)Q.  (2) 

where  P  and  a  are  variable  quantities,  «  denoting  now  any  small  por- 
tion of  the  circular  arc  AB,  around  which  the  belt  stretches.     If  we 
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divide  again  the  arc  AB  into  elements  and  calculate  the  force  P  for 
the  elements  in  succession,  and  add  all  these  forces,  we  finally  get 
the  amount  P  to  start  the  force  or  weight  Q.  This  is  shortest  per- 
formed by  calculus,  as  the  subsequent  derivation  will  show.  From 
above  we  have : 

P=Q+faQ;  orP  — Q  =  faQ. 
Now  for  the  first  element,  near  the  origin  A.    Q  is  almost  equal  to 
P,  wherefore  we  can  put  P  —  Q  =  dP,*  and  P  instead  of  Q  ;    we 
shall  find  then,  putting  for  a  its  element  da: 

=  fda. 

P 

Integrating  between  the  limits  A  and  B,  we  find : 

LogP  =  fa+C. 

To  determine  the  constant  C,  we  have  in  the  beginning  P  =  Q  and 
«=0.  Hence,  log  Q  =  0  +  C.  Therefore  the  whole  expression 
becomes  :    Log  P  —  log  Q  =  af,  which  gives  : 

Log  —  =  af,  and  P  =  Qe-^^.  (3) 

where  e  indicates  the  base  of  the  Naperian  system  of  logarithms  == 
2-718.  We  infer  then  from  the  above  equation  that  if  a  weight  Q 
attached  to  a  flexible  band  (Fig.  2)  is  to  be  dragged  around  a  fixed 
cylinder : 

1.  The  force  P  is  independent  of  the  radius  of  the  cylinder  or 
pulley.  That  is  to  say,  the  amount  of  P  remains  the  same  whether 
the  band,  belt,  or  cord  is  wrapped  say  once  about  a  cylinder  whose 
diameter  is  one  or  ten  feet. 

2.  The  force  P  does  not  depend  upon  the  width  of  the  belt,  as  no 
algebraic  symbol  appears  in  equation  (3)  which  expresses  the  width 
of  the  belt. 

3.  The  force  P  depends  on  the  pressure  or  tightening,  (Q.) 

4.  The  force  P  depends  on  the  arc  of  contact  between  the  belt  and 
the  smaller  pulley,  (a.)  (Fig.  2.) 

5.  The  force  P  depends  on  the  coeflBcient  of  friction  between  the 
belt  and  surface  of  the  pulley,  (f.) 

The  value  e  remains  constant  under  all  circumstances.  Now  if 
we  pass  from  the  fixed  pulley  to  two  movable  pulleys,  turning  around 

*  Differential  of  P. 
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their  axes  A  and  B,  by  means  of  a  belt  b  a.  a,  bj,  that  is  put  in  motion 
by  the  driving  pulley  B  (Fig.  3),  transmitting  its  motion  to  the  fol- 

Fig.  3. 


lower  A,  we  have  for  the  moment  of  resistance  offered  by  the  follower 
A,  the  product  of  the  circumferential  force  and  its  lever-arm  B,  that 

is:  M 

M  =  SR.  S-— .  (4) 

R 

In  order  that  the  belt  shall  not  slip,  the  friction  F  on  B  must  be 
equal  to  the  force  S  (for  equilibrium). 

Now  as  the  force  P  (tension  of  belt  ba)  has  to  overcome  both  the 
friction  and  the  resistance  (Aveight  Q),  the  friction  itself  must  there- 
fore be  equal  to  F  =  S  =  P  —  Q. 

Hence  if  we  subtract  Q  from  the  second  member  of  equation  (3) 
we  obtain : 

F=:Q(e°^— 1).  (5) 

The  arc  a  must  be  taken  on  the  smaller  pulley,  as  this  gives  the 
least  value;  and  as  F  is  independent  of  the  radius,  the  arc  is  in  all 
cases  to  be  calculated  for  radius  =  1. 

"While  for  pulleys  with  an  open  belt  the  angle  is  least  at  the  smaller 
pulley  (Fig.  3),  the  angle  is  the  same  no  matter  what  size  the  pulleys 
have  when  the  two  branches  of  the  belt  cross  each  other  (Fig.  4.) 

Fig.  4. 
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Now  to  derive  the  expressions  for  the  tension  of  the  advancing 
belt  a  b,  and  the  retiring  belt  bia,,  (Fig.  8),  we  find  when  we  put  for 
F  =  P—  Q,  P— Q  =  QO^f  —  1),  and  as  Q  =  P  —  S  from  above,  the 
expressions : 

It  appears  then,  from  the  inspection  of  the  two  last  formulse,  that 
the  greater  we  make  the  product  of  af,  the  less  the  tension  P  be- 
comes.    This  I  shall  illustrate  by  two  numerical  examples. 

Example  1.  Required  the  tension  of  the  advancing  belt,  when  the 
two  pulleys  are  equal  in  size  and  the  coefficient  of  friction  between 
leather  belts  and  cast-iron  pulleys  is  taken  0-25  on  an  average. 

Here  a  =  -:=  half  circumference=  3-14.  .  .  .  Hence 

9.71 83.uxo.25  9.7-100.-8.1 

p= ^JL^l s  =  _i-!i^ s  =  1-84S. 

2. 71 83.14X0.25  _;L  2-718<'-'^  — 1 

Example  2.  Required  the  tension  of  the  advancing  belt,  when 
only  four-tenths  of  the  circumference  of  the  smaller  pulley  is  covered, 
f  to  remain  0-25. 

p_     e"f     g_       2-718«-28>«'-'xo-2-'     g^       2-718«'«^_g 
^     \  2^7 13'.2sxoTo<o:25       [         2^718"'^— ~F 

P  =  2-14S(7),      and      (^=  ^^-Y^,^_zri  =  ^-^^^-        (8) 

These  theoretical  values  show  that  the  advancing  belt  in  the  first 
example  will  be  stretched  by  1848,  and  in  the  second  by  2-14S.  But 
as  in  practical  application  it  is  impossible  to  get  the  exact  value  that 
is  furnished  by  the  theory,  and  as  we  have  not  brought  into  the 
calculation  the  stiffness  of  the  belt  nor  the  axle  friction,  we  have  to 
increase  somewhat  these  theoretical  values.  Following  here  Reau- 
leaux'  advice,  we  add  026S,  which  will  give  us  in  the  second  example, 

P  =  2-48(7),  and  Q  =  l-48.     (8.) 

p  =2-4+l-4 

The  arithmetical  mean  of  both  values  — " ^ S^1"9S,  ex- 
presses then  the  amount  of  tension  that  should  be  given  to  the  belt 
before  motion  takes  place. 
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For  cast-iron  pulleys  with  open  leather  belts  of  about  three-six- 
teenths of  an  inch  thickness,  the  above  two  formulae  (7)  and  (8),  pro- 
vided that  one  of  the  pulleys  is  not  very  small  comparatively,  may  be 
applied  generally. 

TO  DETERMINE  THE  WIDTH  OF  THE  BELT. 

The  tension  of  the  belt  is  counteracted  by  the  cross-section  of  the 
belt,  that  is  2-4S^wtK,  where  w  denotes  the  width  of  the  belt,  t 
the  thickness,  both  given  in  inches,  and  K  the  number  of  pounds 
which  one  square  inch  of  belt  will  fairly  resist,  found  by  experiment. 

M 

From  equation  (5)  we  have  S=  —  introduced  into  the  above  equa- 

R 

tion  and  solved  with  respect  to  w,  we  find  w  =■  f .  (9) 

tKR  ^  ' 

In  general  M  is  not  directly  known,  but  the  number  of  horse  pow- 
ers the  pulley  shall  transmit  is  given,  and  the  number  of  revolutions 
per  minute  of  the  pulley,  or  the  number  of  feet  that  the  belt  travels 
per  minute.  From  these  data  we  are  enabled  to  express  S.  Putting 
formula  (9)  in  the  form 

tK 

the  dynamical  effect  of  S  for  n  revolutions  in  one  minute  is  expressed. 

Number  of  horse  powers  =  N  =  ^ ,  from   which   we  get   S  = 

33000 

33000N        ,  .  ^,       ^       .        ^       ^    .  .        .im     • 

-        — ,    which    when   introduced    into  equation    (10)   gives    w  = 

2.4X33000N 

- '      - — -zr-  where  w  denotes  the  width  of  the  belt  in  inches,  N  the 
27rRntK 

number  of  horse  powers,  R  the  radius  in  feet,  n  the  number  of  rev- 
olutions, t  the  thickness  of  the  belt,  and  K  the  resistance  expressed 
in  pounds  which  one  square  inch  of  belt  can  fairly  counteract.  Tak- 
ing t  ^=  3-16  inches,  and  for  K,  after  Morin,  275  pounds.  K 
depends  on  the  quality  of  the  leather,  and  ranges  from  275  to  550 
pounds  per  square  inch.  275  pounds  are  recommended,  however, 
by  good  authorities.    Applying  the  latter  we  shall  find,  after  reducing 
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the  above  numerical  values,  w  =  '^—^■)  ^^) 

nR 

where  the  numerical  value  is  rounded  off  to  an  even  number. 

Example  1.*  A  pulley  of  1^  feet  radius  makes  80  revolutions  per 
minute,  having  to  transmit  one  horse  power.  What  should  be  the 
width  of  the  belt  ? 

Here  N  =  1 ;  n  =  80,  and  R  =  IJ. 

^^^^^  "  =  ¥0-^^3:2  -  li  =  -  ^-^^  ^"'^'^- 

Example  2,  A  pulley  of  3  inches  radius  makes  900  revolutions  per 
minute,  and  has  to  transmit  2  horse  powers.  What  should  be  the 
width  of  the  belt? 

oKQy  2 
N  =  2;  n  =  900  ;    R  =  1  ft.      w  =  ^rf^—^  =  2  2-9  inches. 

Solving  equation  (11)  with  respect  to  N,  we  find  : 

N  =  -- .  (12) 

250  ^     ' 

Giving  to  w  the  exceptional  width  of  6  inches  for  a  single  belt,  and 
assuming  n  =  100  revolutions  per  minute,  and  further  the  radius  of 
the  pulley  11  =  1  foot,  we  find  the  number  of  horse  powers ; 

^       6  X  100  X  1         60 

N  = =  25  =  ^'^  ^''''  P"""'''- 

The  number  of  horse  powers  that  are  obtained  is  comparatively 
small,  and  it  indicates  that  with  pulleys  and  belts  we  cannot  produce 
a  very  great  effect  unless  we  make  the  radius  of  the  pulley  very  great, 
and  apply  an  exceptionally  great  speed. 

I  should  mention  that  the  above  formulae  refer  to  pulleys  with  open 
belts  only,  and  that  it  is  of  no  consequence  whether  the  radius  and 
respective  number   of  revolutions  are    taken  from   the   greater    or 

*  As  great  nicety  is  not  required  in  these  calculations,  the  coefficient  of  friction 
may  be  taken  in  general  as  0-26,  and  the  arc  covered  by  the  belt  as  three-tenths  of  the 
circumference  of  the  smaller  pulley. 
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smaller  pulley,  as  the  numbers  of  revolutions  are  in  an  inverse  ratio 
to  the  radii  of  the  pulleys.     That  is, 

^5-  ^  -1.     Hence  Rn  =  ^{a^, 
^1       n 

If  the  belt  is  made  up  of  two  layers  or  thicknesses,  so  that  such  a 
belt  of  the  same  width  as  a  single  one  contains  the  double  cross  sec- 
tion, we  still  may  apply  the  upper  formula,  if  we  multiply  it  by  f , 
owing  to  the  greater  stiffness  of  the  belt. 

Example.  In  order  to  transmit  4  horse  powers,  we  have  a  pulley 
1  ft.  8  in.  by  120  revolutions  per  minute.  What  should  be  the  width 
of  the  belt  ? 

Nz=  4;  R  =  If  ft.;   n  =:  120. 

2   250N      2      250X4        ^,  .     , 
^^    3   -^R  =  3   120->r573  ^  ^*  ^"^^^^' 

For  the  single  belt  we  should  have  received : 
w  =  3-2  X  31  =  5  inches. 


COMPOUND  AND  NON-COMPOUND  ENGINES,  STEAM-JACKETS,  ETC. 
By  Charles  E.  Emery,  C.  E.,  New  York. 


(Continued  from  Vol.  Ixix,  page  277.) 

(4  C.)  It  should  be  here  observed  that  in  the  above  comparison  of 
the  results  of  experiments  with  the  steamer  Bache  and  of  the  revenue 
steamers,  the  former  shows  more  inferiority  than  can  be  attributed 
simply  to  the  difference  in  size,  and  we  are  of  the  opinion  that  it  was 
due  somewhat  to  the  quality  of  the  steam  furnished  by  the  boilers. 
The  boiler  of  the  Bache  was  constructed  to  give  a  high  evaporation, 
and  the  combustion  was  so  slow  that  the  steam  in  the  steam-chimney 
received  practically  little  heat  from  the  escaping  gases.  On  the  rev- 
enue steamers,  the  boilers  were  made  to  develop  the  maximum  power 
for  a  given  space — the  tubes  were  shorter,  the  draft  freer,  and  the 
experiments  being  tried  at  maximum  power,  the  gases  passed  through 
the  steam  chimney  at  a  higher  temperature  than  on  the  Bache,  so  that 
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the  steam  was  more  thoroughly  dried.  It  appears  incidentally,  then, 
that  a  boiler  with  a  less  evaporative  power  than  another,  may,  within 
certain  limits,  furnish  steam  of  a  better  quality,  and  thereby  produce 
increased  economy  in  the  engine.  This  is  not  fully  demonstrated  by 
these  experiments,  as  both  the  size  of  the  engines  and  the  proportions 
of  the  boilers  are  different  in  the  two  series,  but  that  there  is  some 
such  compensation  appears  probable.* 

In  these  experiments,  however,  the  higher  evaporation  in  the  boiler 
of  the  Bache,  more  than  compensated  for  the  loss  of  efficiency  in  the 
engine,  the  best  results  with  the  compound  engine  of  the  Bache  and 
that  of  the  Rush  being  as  follows  : 


Bachb. 

KUSH. 

Table  No.  1,  Exp.  e. 

Table  No.  2,  Exp.  1. 

Water  actuaUy  used  per  I.  H.  P.,  per  hour. 
Water  actually  evaporated  per  pd.  of  coal. 
Coal  consumed  per  I.  H.  P.,  per  hour. 

(line  46)                  20-332 
(line  53)                   9-131 
(line  49)                   2-227 

(line  53)                  18-384 
(line  63)                   7-549 
(line  57)                   2-435 

The  presentation  shows  that  while  there  may  be  an  interesting  sub- 
ject (which  we  shall  investigate  further),  as  to  the  compensation  at- 
tainable in  the  engine  by  utilizing  the  waste  heat  of  a  boiler  with  low 
evaporative  power,  the  higher  evaporation  will  probably,  as  in  this 
case,  prove  the  better  practically.  Referring  to  Table  2,  Exp.  1,  line 
70,  it  will  be  seen  that  with  an  evaporation  of  ten  pounds  of  water  per 
pound  of  coal,  (a  result  attainable  under  the  conditions  named),  one 
horse-power,  would  have  cost  but  1*838  pounds  of  coal  per  hour. 

5.  Economy  of  Steam  as  Influenced  by  the  Steam  Pressures 
EMPLOYED. — The  investigations  with  which  we  have  been  associated 
show  invariably  that,  other  things  being  equal,  the  higher  the  steam 
pressure  the  greater  the  economy.  The  saving,  however,  decreases 
rapidly,  using  ordinary  engines,  after  a  pressure  of  eighty  pounds  per 
square  inch  is  reached,  so  much  in  fact  that  it  is  doubtful  if  pressures 
in  excess  of  one  hundred  pounds  would  give  a  sufficient  economy  of 


*It  IS  to  be  regretted  that  the  quality  of  the  steam  was  not  tested  in  all  the  experi- 
ments by  means  of  a  calorimeter.  The  writer,  previous  to  the  trial  of  the  Bache,  de- 
veloped and  put  in  practice  a  very  simple  apparatus  for  the  purpose,  but  it  was  thoueht 
that  there  was  so  much  to  be  done  in  a  limited  time,  that  the  solution  of  the  more 
important  problems  could  only  be  attempted. 
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fuel  to  counter-balance  the  extra  expense  in  constructing  and  main- 
taining the  boilers.  We  have  little  information  as  to  what  can  be 
done  at  pressures  above  one  hundred  pounds,  with  engines  particu- 
larly designed  for  the  purpose,  and  it  is  probable  that  a  saving  of 
space  occupied  by  the  machinery  might  in  some  cases  warrant  the  use 
of  very  high  pressures  even  with  ordinary  engines.  Within  the  limits 
of  common  practice,  the  saving  by  the  use  of  the  higher  pressures  is 
very  important,  and  some  valuable  information  on  the  subject  may  be 
obtained  from  the  experiments  under  discussion.  We  first  examine 
the  results  due  to  using  different  steam  pressures  in  the  same  cylin- 
der. 

(5  A.)  With  the  non-compound  engine  of  the  Dexter,  we  find  (Ta- 
ble No.  2,  line  76)  comparing  experiments  3  and  7,  which  show  the 
minimum  cost  at  the  approximate  steam  pressures  respectively  of  70 
and  40  pounds,  that  the  power  at  latter  pressure  cost  20"73  per  cent, 
more  than  at  the  former.  This  is  at  about  the  same  degree  of  expan- 
sion, and  therefore  doing  less  work,  with  the  less  pressure.  Were  it 
necessary  to  do  the  same  work,  in  the  same  cylinder,  as  is  the  case  in 
practice,  comparing  runs  3  and  9,  we  find  the  power  would  cost 
33-24  per  cent.  more. 

(5  B.)  Experiments  13  and  17  on  the  Bache  (Table  1),  made  at  the 
steam  pressures  of  78  and  31  pounds,  respectively,  show  a  cost  for 
the  latter  29"6  per  cent,  greater  than  for  the  former. 

(5  C.)  In  the  case  of  the  compound  engine  of  the  Rush  (experi- 
ments 1  and  2,  Table  2),  made  with  the  steam  pressures  of  69  and  37 
pounds,  respectively,  the  cost  of  the  power  at  latter  pressure  is  20*18 
per  cent,  greater  than  in  the  former. 

(5  D.)  The  results  due  to  working  steam  of  different  pressures  in 
engines  properly  proportioned  to  give  the  maximum  economy  for  the 
pressure  used,  involves  questions  discussed  in  the  next  title.  Refer- 
ring, however,  to  the  results  shown  above,  (5  A)  and  (5  B),  it  may  be 
observed  that  if  the  lower  pressure  of  steam  is  to  be  used,  it  can  bet- 
ter be  done  in  a  cylinder  proportioned  as  above  indicated,  and  such 
was  very  nearly  the  case  in  the  Dallas.  Comparing  experiments  11 
and  3  (Table  No.  2),  where  the  power  is  nearly  the  same,  we  find  (line 
76)  that  ^the  power  in  the  low  pressure  engines  of  the  Dallas  cost 
13-01  per  cent,  more  than  in  the  high  pressure  condensing  engine  of 
the  Dexter. 
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(5  E.)  Above  are  shown,  (5  A),  (5  B)  and  (5  C)  practical  compar- 
isons of  the  results  due  to  reducing  the  steam  pressure  in  the  same 
engine,  -which  furnish  a  basis  whereby  we  may  account  for  the  fact 
that  compound  engines  in  practical  use  show  larger  relative  econo- 
mies, compared  with  simple  engines,  than  we  have  ascertained  by  ex- 
periment. In  high  pressure  condensing  engines,  the  pressure  for 
various  reasons  is  seldom  maintained  regularly  at  the  point  designed. 
This  occurs  from  two  causes,  viz.,  carelessness  of  the  operating  en- 
gineer and  the  improper  adaptation,  by  the  designing  engineer,  of  the 
size  of  the  engine  to  the  work  it  has  to  do.  The  latter,  when  true,  as 
is  too  often  the  case,  partially  excuses  the  fault  of  the  former,  which 
subject  is  discussed  in  the  next  title.  It  is  also  true  that  no  matter 
for  what  pressure  the  engine  is  designed,  if  it  be  intended  to  be  oper- 
ated with  considerable  expansion,  the  engineer  soon  finds  that  his  en- 
gine works  smoother  with  a  lower  pressure  and  less  expansion,  and 
naturally  thinking,  as  is  too  often  the  case,  that  his  duties  are  suflB- 
ciently  arduous,  lets  his  pressure  fall  or  partially  closes  his  throttle- 
valve  and  lengthens  the  cut-off  for  the  most  trivial  excuses,  until 
finally,  notwithstanding  his  education  and  instructions,  he  really  be- 
lieves that  it  is  exactly  as  well  to  work  that  way  all  the  time. 

The  general  prejudice  against  high  pressure  is  in  his  favor,  and  it 
is  not  uncommon  to  have  somebody  on  the  vessel  boast  that  their  en- 
gineer can  run  with  less  pressure  than  somebody  else,  which  is  ac- 
cepted as  a  matter  to  be  proud  of  instead  of  being  worthy  of  con- 
demnation. To  be  sure,  the  expense  account  for  coal  increases  some- 
what, but  it  is  attributed  to  the  falling  off  due  to  continued  service. 
If  protestations  of  owners  that  something  is  wrong  are  repeated,  and 
direct  orders  given  to  work  more  expansively,  the  result  generally 
proves  a  failure ;  sometimes  through  lack  of  interest,  and  numerous 
complaints  about  leaky  boilers,  &c.,  and  at  other  times  trials  are  made 
of  higher  pressures  when  the  engine  really  has  got  out  of  order  and 
no  saving  can  be  observed.  It  is  a  fact  that  if  the  pistons  have  be- 
come leaky,  it  is  as  economical  to  use  a  lower  steam  pressure  as  a 
high  one.  The  true  remedy  in  such  case  is  to  refit  the  pistons  and 
carry  the  pressure  designed.  We  have  of  late,  by  the  use  of  special 
arrangements,  found  no  difficulty  in  keeping  pistons  continuously 
tight  at  any  pressure. 

(5  F.)  With  the  compound  engine,  however,  there  are  fewer  me- 
chanical difficulties  in  working  high  steam,  and  in  most  cases  it  is 
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difficult  to  keep  up  the  speed  with  low  steam.  For  instance,  examin- 
ing experiments  1  and  2  with  the  compound  engine  of  the  steamer 
Rush,  it  will  be  seen  (Table  2,  line  39)  that  the  power  at  the  lower 
pressure  is  much  less  than  with  the  higher  (1686  to  266-5),  so  the 
engineer  with  an  engine  of  proper  size,  would  be  obliged  to  increase 
the  pressure  to  obtain  sufficient  power  to  propel  his  vessel  at  the  speed 
designed.  The  result  is  that  the  average  pressure  carried  for  com- 
pound engines,  even  by  careless  engineers,  is  much  higher  than  in  sin- 
gle cylinder  engines,  and  increased  economy  due  to  the  steam  pres- 
sure is  obtained,  independent  of  that  due  to  the  difference  in  engines, 
and  we  may  expect  to  find  in  practice,  as  is  commonly  reported,  that 
a  compound  engine  operates  with  a  saving  of  20  to  25  per  cent,  com- 
pared with  single  engines  using  the  same  pressure,  and  that  even  more 
saving  may  be  obtained  when  the  single  engine  is  greatly  too  large  for 
its  work,  as  hereinafter  discussed. 

6.  The  most  economical  Point  of  Cut-off  for  the  Pressure 
EMPLOYED. — When  it  is  desired  to  obtain  a  given  power,  using  steam 
of  a  given  pressure,  fixing  the  point  of  cut-off  fixes  also  the  mean 
pressure  in  the  cylinder,  and  for  a  given  speed  of  revolution,  the  size 
also  of  the  cylinder  required.  Our  experimental  researches  show  that 
the  most  economical  grade  of  expansion  varies  for  every  steam  pres- 
sure, and  is. influenced  somewhat  by  other  conditions. 

The  preceding  tables  have  been  condensed  from  the  general  tables, 
and  show  the  mean  pressures  and  costs  of  the  power  at  different  de- 
grees of  expansion  for  the  engines  of  the  several  steamers. 

Referring  to  Table  6  A,  it  will  be  seen  that,  with  the  engine  of  the 
Bache,  operated  non-compound,  using  an  approximate  steam  pressure 
of  80  pounds,  expanded  5-11  to  J  2*62  times,  the  higher  grades  of  ex- 
pansion were  attended  with  positive  loss,  and  by  reference  to  Table  6 
B  it  will  be  seen  that,  with  the  single  engine  of  the  Dexter,  using  an 
approximate  steam  pressure  of  70  pounds,  expanded  2'72  to  4*46 
times,  there  was  but  little  difference  in  economy  between  an  expan- 
sion of  3-49  times  and  one  of  4*46  times.  We  may,  therefore,  infer 
that  an  expansion  of  five  times,  under  the  conditions  of  these  trials, 
using  80  pounds  of  steam,  in  single  engines,  is  as  much  as  can  be  ob- 
tained economically,  and  that  the  expansion  should  be  somewhat  re- 
duced for  a  pressure  of  70  pounds. 

Referring  to  Table  6  C,  it  will  be  seen  that,  with  the  single  engine 
of  the  Dexter,  using  an  approximate  steam  pressure  of  40  pounds  ex- 
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panded  2*08  to  3*34  times,  (the  latter  expansion  is  the  more  econom- 
ical) and  that,  with  the  engine  of  the  Dallas,  using  an  approximate 
steam  pressure  of  35  pounds,  expanded  2-94  to  5*07  times,  no  loss, 
but  rather  a  slight  gain  in  cost  of  indicated  power,  is  shown  at  an  ex- 
pansion of  5 '07  times,  as  compared  with  that  at  3*89  times — this  en- 
gine operating,  as  before  stated,  very  economically  at  the  pressure 
used.  The  results  at  the  two  expansions  last  named  are,  however,  so 
nearly  identical,  that  the  cost  for  the  net  power  (see  Table  No.  2)  is 
least  for  the  least  expansion  ;  considering  the  experiments  on  the 
Dexter  and  Dallas  together,  we  may  conclude  that  an  expansion  of 
3J  to  4  times  is  the  most  economical  degree  for  steam  pressures  of  35 
to  40  pounds. 

Referring  to  Table  6  D,  it  will  be  seen  that,  even  with  the  com- 
pound engine  of  the  Bache,  operated  with  an  approximate  steam  pres- 
sure of  80  pounds,  expanded  4.24  to  16.85  times,  a  loss  resulted  at 
the  extreme  degree  of  expansion,  and  that  an  expansion  of  6  to  7 
times  appeared  to  give  the  best  results  under  the  conditions  of  the 
trials. 

It  is  not  practicable,  with  the  information  available  (many  experi- 
ments not  having  been  put  in  shape  for  comparison),  to  calculate  ac- 
curately the  proper  rates  of  expansion  for  different  steam  pressures, 
and  it  is  probable  that  no  fixed  rule  could  be  framed  to  include  the 
modifications  due  to  all  conditions.  We  give  the  following  provisional 
rule,  with  tabulated  examples  : 

(6  E.)  Rule. — To  the  number  representing  the  steam  pressure 
above  the  atmosphere  (P)  add  37 ;  divide  the  sum  by  22 ;  the  quo- 
tient will  represent,  approximately,  the  proper  ratio  of  expansion  {R) 
for  that  steam  pressure.     That  is 
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It  is  probable  that  these  ratios  are  nearly  correct  for  single  engines 
of  large  size  with  details  of  good  design,  too  large  for  single  engines 
of  ordinary  construction,  and  too  small  for  the  better  class  of  com- 
pound engines.  The  rule,  though  provisional,  is  safer  to  follow  than 
the  uncertainties  of  personal  opinion,  and  the  variations  of  actual 
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practice.  Further  information  cannot  vary  it  materially,  for  the 
economy  changes  very  little  for  expansions  considerably  greater  or 
less  than  the  most  economical  grade.  The  limit  of  expansion  for  the 
higher  pressures  are  apparently  well  defined  by  the  experiments  dis- 
cussed, but  there  are  indications  that  there  is  no  loss  in  using  some- 
what higher  expansions  than  given  by  rule  for  steam  pressures  of  35 
to  40  pounds — of  course,  however,  with  results  inferior  to  those  ob- 
tained by  using  higher  pressures.  Further  investigations  are  being 
made  on  this  subject. 

(6  F.)  As  a  general  rule,  in  constructing  an  expansive  engine,  too 
much  expansion  is  attempted  and  the  cylinder  is  made  much  too  large 
for  the  work  to  be  done.  This  is  particularly  true  in  respect  to  en- 
gines designed  to  be  operated  expansively  with  high  steam  pressures. 
As  previously  referred  to,  the  designing  engineer,  in  almost  every  in- 
stance, furnishes  too  much  cylinder  to  work  off  the  steam  from  a  given 
boiler  at  the  most  economical  degree  of  expansion  for  the  pressure  in- 
tended. This  is  one  of  the  most  important  lessons  to  be  learned  from 
these  experiments,  and  many  others  as  yet  unpublished.  Nearly  all 
the  marine  engines  constructed  have  cylinders  of  sufiicient  size  to 
develop  the  power  intended  with  a  mean  pressure  of  25  to  20  pounds, 
and  even  lower.  These  experiments  show  clearly  that  it  is  not  eco- 
nomical to  expand  high  pressure  steam  sufficiently  to  produce  so  low 
a  mean  pressure,  and  that  with  such  large  cylinders  it  would  be  nearly, 
if  not  quite  as  well,  to  reduce  the  steam  pressure  and  expansion  (as 
we  have  complained  previously,  that  the  working  engineers  are  in  the 
habit  of  doing,  though  to  an  unwarranted  extent).  The  best  results 
shown  by  these  experiments  were  obtained  with  a  mean  pressure  of 
34  to  37  pounds,  when  the  boiler  pressures  were  from  70  to  80  pounds, 
and,  therefore,  the  steam  cylinders  of  non-compound  high  pressure 
condensing  engines  should  be  not  more  than  two- thirds  the  size  they 
are  usually  made.  Engines  so  proportioned  would  not  only  work 
with  greater  economy,  but  also  with  less  expansion  than  those  with 
larger  cylinders,  so  that  there  would  be  a  more  equable  pressure 
throughout  the  stroke  when  high  steam  was  used,  and  less  trouble  ta 
the  engineer.  Such  an  engine,  properly  constructed  and  operated, 
would  probably  require  but  about  15  per  cent,  more  fuel  than  the 
best  form  of  compound  engine  to  do  the  same  work. 

(6  G.)  We  are  now  constructing  a  non-compound  high  pressure 
condensing  engine,  which  is  fitted  with   expansive  gear,  adjustable 


336  Civil  and  Mechanical  Engineering. 

only  between  one-sixth  and  one-fourth  the  stroke.  To  manoeuvre  the 
vessel,  the  cut-off  must  be  thrown  entirely  out  of  gear,  and  distribu- 
tion of  steam  effected  entirely  with  main  valve.  It  is  hoped  that  the 
arrangement  will  prevent  the  temptation  to  reduced  expansion,  which 
would  take  place  to  an  important  extent,  even  when  using  a  cylinder 
of  proper  size  for  the  work  to  be  done. 

Indicator  Diagrams. — Annexed  will  be  found  specimens  of  the 
indicator  diagrams  taken  during  the  principal  runs.  Diagrams  for 
each  series  of  experiments  on  the  Bache  have  been  selected  with  like 
steam  pressures  and  traced  together  for  facility  of  comparison. 

Hyperbolic  curves  have  been  dotted  upon  one  series  of  the  diagrams 
in  such  manner  as  to  coincide  with  the  experimental  curves  near  the 
points  of  suppression.  When  the  diagrams  were  taken,  the  indicators 
were  carefully  adjusted  so  as  to  be  perfectly  free  in  their  action,  and 
in  some  of  the  diagrams  vibrations  of  the  pencil  may  be  observed  at 
the  points  of  cut-off  outside  the  true  experimental  lines. 

The  diagrams  considered  together  show  a  number  of  differences  due 
to  the  various  changes  of  condition.  As  stated  previously,  the  steam 
supplied  by  the  boilers  of  the  revenue  cutters  was  probably  super- 
heated slightly,  and  the  expansion  curves  on  diagrams  F,  G-,  H,  from 
their  engines  more  nearly  correspond  with  the  Mariotte  curves  of  ex- 
pansion than  the  majority  of  those  from  the  engine  of  the  Bache. 
The  boiler  of  the  Bache  was  operated  much  below  its  power  when  fur- 
nishing steam  at  the  high  grades  of  expansion  used  (see  4  C),  and  as 
the  steam  room  was  large,  the  water  level  very  steady,  and  extra  pre- 
cautions had  been  taken  to  felt  the  boiler,  steam-pipe  and  valves,  the 
steam  supply  must  have  been  delivered  to  the  engine  in  about  the  same 
condition  as  if  from  a  boiler  without  any  superheating  surface,  or  say 
very  nearly  saturated  or  containing  but  a  slight  percentage  of  moist- 
ure. The  diagrams  show,  however,  that  liquefaction  rapidly  took 
place  when  the  walls  of  the  cylinder  were  alternately  cooled  and  re- 
heated as  described  above,  (3  C).  When  using  the  single  cylinder  of 
the  Bache  without  steam-jacket  (see  diagram  B),  the  expansion  curve 
for  bottom  of  cylinder  fell  below  the  Mariotte  curve  at  first,  but  after- 
wards rose  above  it  as  re-evaporation  took  place.  In  the  top  of  the 
cylinder, liowever,  some  water  collected,  and  its  re-evaporation  during 
the  expansion  portion  of  the  stroke  caused  the  expansion  curve  to  rise 
above  the  Mariotte  curve  at  all  times.  At  the  highest  grade  of  ex- 
pansion, with  and  without  use  of  jacket,  a  loop  was  found  on  the  dia- 
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gram  from  the  upper  end  of  the  cylinder  in  two  instances  (as  shown 
in  diagrams  C),  which  disappeared  upon  opening  the  cylinder  relief 
valve. 

These  diagrams  show  that  horizontal  en^jines  should  be  more  eco- 
nomical  than  vertical  ones,  for  the  reason  that  when  properly  con- 
structed, the  cylinder  can  be  kept  drained  at  all  times. 

When  using  the  single  cylinder  of  the  Bache,  with  jacket  (see  dia- 
grams A),  the  moisture  in  the  steam  due  to  reheating  the  surfaces 
was  re-evaporated  throughout  the  stroke,  causing  the  expansion  curve 
to  rise  above  the  Mariotte  curve  in  most  cases.  As  before,  the  differ- 
ence is  greater  for  the  top  of  the  cylinder  and  very  large  for  the 
shortest  suppressions. 

With  the  compound  engine  of  the  Bache,  the  expansion  curve  for 
the  smaller  cylinder  which  was  not  steam-jacketed  (see  high  pressure 
diagrams  i)),  also  rises  materially  above  the  Mariotte  curve.  The 
cut-off  valve  faces  were  in  excellent  condition,  making  leaks  improba- 
ble, so  the  difference  is  doubtless  due  also  to  re-evaporation  of  moist- 
ure. The  exhaust  from  the  smaller  cylinder  of  compound  engine  is 
not  so  effective  in  carrying  moisture  out  of  the  cylinder  as  in  ordinary 
engines  with  less  back  pressure.  The  slight  superheating  of  the 
steam  on  the  Rush,  together  with  the  steam-jacket,  was  sufficient  to 
prevent  great  variation  of  the  two  curves  (see  high  pressure  dia- 
gram F). 

When  the  engine  of  the  Bache  was  operated  as  a  compound  engine, 
without  the  jacket  on  the  larger  cylinder,  there  was  a  material  reduc- 
tion of  pressure  in  that  cylinder  throughout  the  stroke,  as  compared 
with  that  during  the  experiments  with  steam-jackets  in  use,  which 
may  be  observed  by  comparing  low  pressure  diagrams  D  and  E,  and 
the  mean  pressurji  shown  in  line  25  of  Table  No.  1. 

SuPEiiiiEATiNQ, — In  conclusion  it  maybe  observed  that  the  dia- 
grams taken  at  the  higher  grades  of  expansion  on  the  Bache  show 
such  positive  evidence  of  the  presence  of  water  in  the  cylinder  (due 
doubtless,  as  has  been  stated,  to  internal  condensation),  that  it  may 
be  claimed  that  by  superheating  the  steam,  the  ratio  of  expansion 
could  be  economically  increased  beyond  that  shown  by  the  Bache  ex- 
periments. In  discussing  this  question,  however  (subject  G),  the  con- 
clusions were  founded  on  the  experiments  both  with  the  Bache,  where 
there  was  probably  no  superheating,  and  with  the  cutters  where  the 

VOL.  LXIX.— TniBD  Beriks.— No.  5-May,  1875.  84 


338  Civil  and  Mechanical  Engineering. 

conditions  were  favorable  for  the  thorough  drying  of  the  steam. 
From  both  series,  and  other  experiments  available,  it  is  concluded 
that  superheating  "will  undoubtedly  reduce  the  final  cost,  but  it  does 
not  appear  that  it  will  change  in  a  material  degree  the  most  econom- 
ical point  of  cut-ofi"  for  a  given  steam  pressure.  Superheating  should, 
in  fact,  show  beneficially  in  the  same  way  as  the  steam-jacket  and  in 
a  measure  reduce  the  advantages  shown  by  the  latter. 

The  variations  above  referrred  to  between  the  actual  and  Mariotte 
expansion  curves,  which  show,  doubtless,  the  presence  of  extreme  in- 
ternal condensation,  are  frequently  observed  in  marine  engines  using 
high  grades  of  expansion,  and  in  such  cases  we  may  naturally  infer, 
from  the  whole  evidence  presented,  that  there  is  also  a  loss  of  result 
compared  with  that  obtainable  with  less  expansion.  In  the  ex- 
periments with  the  single  cylinder  of  the  Bache,  it  may  be  noticed, 
incidentally,  that  the  expansion  curves  on  diagrams  from  the  bottom 
of  the  cylinder  correspond  closely  with  the  Mariotte  curves  (particu- 
larly Avith  steam-jacket  in  use),  when  the  engine  is  working  at  its  most 
economical  grade  of  expansion,  and  we  have  observed  a  similar  cor- 
respondence in  diagrams  from  both  ends  of  the  cylinder  of  horizontal 
engines,  where  provision  was  made  to  drain  the  water  from  the  cylin- 
der at  each  stroke. 

The  Mariotte  curve  has  been  used  for  comparison  simply  for  con- 
venience, without  discussing  the  question  whether  it  is  the  true  ex- 
pansion curve  or  not. 


Artificial  Hardening  of  Sandstone. —  Manfred  Lewin  has 
tried  with  success  in  his  quarries  at  Saxonia,  and  at  Neundorf,  near 
Pirna,  a  process  of  impregnating  sandstone.  The  stone  there  quarried 
is  porous  and  readily  absorbs  water  to  a  certain  depth  ;  it  is  this  fact 
which  renders  it  possible  to  introduce  a  solution  to  harden  the  surface. 
Lewin  impregnates  the  stone  with  solutions  of  an  alkaline  silicate  and 
of  alumina;  there  is  thus  formed  an  aluminum  silicate  within  its 
pores,  which  gives  to  the  surface  considerable  resistance.  The  solu- 
tions employed  are  made  with  soluble  glass  and  with  aluminum  sul- 
phate. After  the  imprcgnf.tion,  the  sandstone  may  be  polished  like 
marble,  which  it  then  re&embles  closely.  Heated  to  a  high  tempera- 
ture, the  exterior  layer  vitrifies  and  thus  may  be  colored  at  pleasure. 
The  coloration  may  even  be  obtained  simply  by  mixing  the  desired 
pigment  with  one  of  the  two  solutions  used  for  the  impregnation. 
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INDICATOR    DIAGRAMS. 

U.  S.  Coast  Survey  Steamer  '•^BaeTieJ' 


Tbe  namerals  oa  the  diagrams  refer  to  the  oomber  of  the  ezperlment  in  Table  Ko.  1. 


A.— Steamer  "  Bache."    Sikgle  Engine,  dsing  Steam  Jacket.    Indlcatok  Scale,  40  lbs.  per  iwch. 


Steaker  "Bache."    Single  Engine,  without  using  Steam  Jacket.    Indicator  Scale,  40  lbs.  pee  inch 
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O.— Steamer  "  Bachb."    Sihgue  Ekoiitb,  "Water  in  Oylihdbr.    Indicator  Scale,  40  lbs.  per  inch. 


D  1.— Steamer  "  Bache,"    Compound  Engine,  Small  Cylinder.    Indicator  Scale,  40  lbs.  per  inch. 
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D  2.— Steambb  "  Bache."    Compound  Esgiitb,  Large  Cylinder,  using  Steam  Jacket. 
Indicator  Scale,  IOibs.  per  inch. 


1.— Steamer  "  Bache."    Compound  Engine,  Small  Cylinder.    Indicator  Scaie,  40  lbs.  per  inch. 


E  2.— Steamer  "  Bache."    Compound  Engine,  Large  Cylinder,  without  ubing  Steam  Jacket. 
Indicator  Scale,  Ifl  lbs.  per  inch. 
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EXPERIMENTS  MADE  AT  THE  MARE  ISLAND  NAVY-YARD,  CALIFORNIA,  WIIH 

DIFFERENT  SCREWS  APPLIED  TO  THE  UNITED  STATES  STEAM 

LAUNCH  NO.  4,  TO  ASCERTAIN  THEIR  RELATIVE 

PROPELLING  EFFICIENCY. 


By  Chief  Engineer  B.  F.  Isherwood,  U.  S.  N. 


[Continued  from  Vol.  Ixix,  page  285.] 

The  following  are  the  principal  dimensions  and  proportions  of  the 

boiler  : 

Diameter  of  the  shell,        .  ■      .         .         .  4  feet  1  inch. 

Length  of  the  shell  proper,         ...  6  feet  6  inches. 

Total  length  of  the  boiler,  including  uptake,  7  feet  7  inches. 

Number  of  furnaces,  ....  1 

Breadth  of  grate-surface,  .         .         .  1*96  feet. 

Length  of  grate-bars,         ....  4  feet  3  inches. 

Area  of  grate-surface,        ....  8*33  square  feet. 

Total  number  of  tubes,       ....  60 

Outside  diameter  of  six  of  the  above  tubes,  2|  inches. 

Outside  diameter  of  fifty-four  of  the  above  tubes,     2  inches. 

Length  of  all  the  above  tubes,  in  clear  of^tube- 

plates,  ......  4  feet  lOf  inches. 

Diameter  of  the  chimney,  .         .         .  lOJ  inches. 

Height  of  the  chimney  above  the  level  of  the 

grate-bars,     ......  14  feet  9  inches. 

Water-room  in  the  shell,  up  to  4  inches  above  tubes,  36-7303  cubic  feet. 

Steam-room  in  the  shell,  above  4  inches  above  tubes,  11*9404  cubic  feet. 

Steam-room   in  the  additional  cylinder  and  con- 
necting-pipe, .....  6*1493  cubic  feet. 

Total  steam-room,      .....  18*0897  cubic  feet. 

Cross  area  for  draught  over  the  bridge-wall,  1*2370  sq.  ft. 

Cross  area  for  draught  through  the  tubes,    .  1*0918  sq.  ft. 

Cross  area  of  the  chimney,         .         .         .  0*6013  sq.  ft. 

Heating-surface  in  the  furnace,  .         .  16  6736  sq.  ft. 

Heating-surface  in  the  back  smoke-connection,      25*2137  sq.  ft. 

Heating-surface  in  the  tubes,  calculated  for  their 

inner  circumference,'       .....        140*3494  sq.  ft. 
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Heating-surface  in  the  uptake,  .         .  3-4290  sq.  ft. 

Total  water-heating  surface,       .          .         .         185'6657  sq.  ft. 
Steam-superheating  surface  in  the  uptake,  25153  sq.  ft. 

Ratio  of  the  water-heating  to  the  grate  surface,    22-289  to  1-000 
Ratio  of    the    steam-superheating   to   the   grate 

surface, 0-266  to  1-000 

Ratio  of  the  grate-surface  to  the  cross  area  over 

the  bridge-wall, 6-734  to  1-000 

Ratio   of   the   grate-surface    to    the   cross    area 

through  the  tubes,  ....  7-630  to  1000 

Ratio  of  the  grate-surface  to  the  cross  area   of 

the  chimney, 13-853  to  1-000 

Weight    of    the   boiler,   including    grate     bars, 

bearers,  chimney,  and  all  doors  and  plates,       5,050  pounds. 
Weight  of  water  in  the  boiler,    .         .         .  2,290  pounds. 

SPACE  OCCUPIED  IN  THE  VESSEL  BY  THE  MACHINERY,  AND  ITS  WEIGHT. 

The  length  in  the  vessel  occupied  by  the  machinery,  including  the 
fire-room,  feed-water  tanks,  and  coal-bunker,  is  19  feet  8  inches.  The 
feed-water  tanks  are  placed  along  each  side  of  the  engines  and 
boiler,  so  that  the  entire  breadth  of  the  vessel  is  occupied  by  the  ma- 
chinery and  its  appendages.  The  coal-bunker  is  forward  of  the 
boiler. 

The  weights  of  the  machinery  are  as  follows,  namely : 

Pounda. 

Net  weight  of  the  engines  proper,  including  crank- 
shaft, but  excluding  piping,  flooring,  etc.,     .          .  1,400 
Weight  of  the  stern-bearing  pipe  in  dead-wood,  and 

the  dead-wood  stuffing-box,           ....  141 

Weight  of  the  line- shafting  and  its  couplings,  .          .  590 

Weight  of  the  screw-propeller,         ....  250 

Weight  of  all  the  piping,         .....  150 
Weight  of  the  boiler,  including  grate-bars,  bearers, 

chimney,  and  all  doors  and  plates,       .         .         .  5,050 

Weight  of  the  water  in  the  boiler,            .         .         .  2,290 
Weight  of  the  felt,  lagging,  gum,  putty  and  paint  on 

the  engines  and  boiler,         .....  129 


Total  weight  of  machinery,  .         .         .  10,000 
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Pounds. 

Weight  of  feed-water  carried  in  tanks,    .         .         .  8,500 

Weight  of  feed-water  tanks,              ....  3,200 

Weight  of  coal  carried  in  bunker,    ....  4,500 

Weight  of  coal  bunker,  ......  GOO 


Total  weight  of  feed-water  and  its  tanks,  and 

of  coal  and  its  bunker,      ....  16,800 


Total  weight  of  all  objects  in  the  engineer  department,  26,800 
of  12  tons. 

SCREWS. 

The  different  screws  employed  in  these  experiments  are  of  brass, 
and  will  be  designated  by  letters.  They  are  all  of  the  same  diame- 
ter, and  have  the  same  diameter  of  hub,  except  the  Griffith  screw,  H. 

Screws,  A,  C,  E  and  F,  were  formed  in  the  following  manner  :  Two 
true  screws  were  very  carefully  swept  up  in  the  sand  by  the  same 
moulder  from  the  same  iron  guides,  and  were  cast  of  the  same  metal 
at  the  same  time.  Each  of  these  screws  has  two  blades,  one  opposite 
the  other,  and  is  5J  inches  long  in  the  direction  of  its  axis.  The 
pitch  is  uniform,  and,  by  accurate  measurement  of  the  screws  after 
they  were  cast,  5'136  feet.  If  the  blades  are  viewed  in  projection  on 
a  plane  parallel  to  the  axis,  their  forward  and  after  edges  are  parallel 
to  each  other,  and  at  right  angles  to  the  axis.  The  outboard  end  of 
the  screw-shaft  was  made  to  receive  both  screws  at  the  same  time, 
one  being  placed  immediately  in  front  of  the  other  and  touching,  so 
that  by  bringing  the  after  edge  of  the  blades  of  the  forward  screw  to 
coincide  with  the  forward  edge  of  the  blades  of  the  after  screw,  the 
propelling  surfaces  of  both  screws  would  be  continuous,  and  they 
would  thus  form  one  two-bladed  screw  A,  11  inches  long  in  the  di- 
rection of  the  axis.  Or,  the  blades  of  the  after  screw  could  be  placed 
immediately  behind  those  of  the  forward  screw,  in  the  direction  of  the 
axis,  and  they  would  thus  form  the  Mangin  screw  F,  11  inches  long 
in  the  direction  of  the  axis.  Or,  the  blades  of  the  forward  screw 
could  be  placed  at  right  angles  to  those  of  the  after  screw,  and  thus 
form  the-four-bladed  screw  E,  5J  inches  long  in  the  direction  of  the 
axis ;  for  the  fact  that  the  blades  of  the  after  screw  are  recessed,  as 
it  were,  5^  inches  back  of  those  of  the  forward  screw,  does  not  affect 
the  results  in  the  slightest  degree,   and   the  screw  was   the  same  as 
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though  the  four  blades  had  been  on  the  same  hub  of  5|  inches  length. 
Or,  one  of  the  screws  could  be  used  alone,  when  it  was  the  two-bladed 
screw  C,  5|  inches  long  in  the  direction  of  the  axis. 

After  the  completion  of  the  experiments  with  the  screws  formed 
as  above  described,  one  of  them  was  cut  throush  at  right  angles  to 
the  axis,  so  as  to  leave  it  3|  inches  long  in  the  direction  of  the  axis 
and  make  the  two-bladed  screw  D. 

By  using  screw  D  in  connection  with  screw  C,  bringing  their  pro- 
pelling surfaces  to  be  continuous,  the  two-bladed  screw  B  was  formed 
8|  inches  long  in  the  direction  of  the  axis. 

It  will  thus  be  seen  that  all  the  screws  from  A  to  F,  both  inclusive 
are  composed  of  exactly  the  same  physical  surface,  governed  by  the 
same  co-efficient  of  friction  on  the  water,  and  have  exactly  the  same 
helicoidal  form;  the  results  from  them  are,  therefore,  free  from  the 
doubt  which  attends  trials  of  screws  having  different  physical  sur- 
faces, and,  consequently,  possibly  different  helicoidal  forms,  and  dif- 
ferent co-tfficients  of  friction,  though  intended  to  be  exactly  the  same. 

Screw  G  is  a  three- bladed  screw,  with  a  pitch  expanding  gradually 
from  6  feet  6  inches  at  the  forward  edge  of  the  blades,  to  7  feet  6 
inches  at  the  after  edge,  making  the  mean  pitch  7  feet,  which  it  had 
by  close  measurement.  The  length  of  the  blades,  in  the  direction  of 
the  axis,  at  the  periphery  of  the  screw,  is  7  inches  ;  gradually  in- 
creasing, thence  to  11  inches  length,  in  the  direction  of  the  axis,  at 
the  radius  of  19  inches  ;  from  which  point  it  gradually  decreases  to 
6  inches  length,  in  the  direction  of  the  axis  at  the  hub.  When  the 
blades  are  viewed  in  projection  on  a  plane  parallel  to  the  axis  of  the 
screw,  their  forward  edge  is  nearly  perpendicular  to  the  axis.  If  the 
most  forward  part  of  this  edge  is  made  to  touch  this  perpendicular, 
the  contact  will  be  at  19  incbes  radius,  from  which  point  the  forward 
edge  of  the  blade  curves  gradually  back  until  it  is,  at  the  hub  and  at 
the  periphery,  1|  inch  from  the  perpendicular.  The  thickness  of  the 
blade  just  above  the  fillet  joining  it  to  the  hub,  is  1|^  inch  at  the  cen- 
ter.    The  weight  of  the  screw  is  250  pounds. 

Screw  II  is  a  three-bladed  Griffith  screw,  formed  by  trimming  the 
blades  of  screw  G  into  the  Griffith  shape,  and  bolting  between  them 
a  hub  made  of  wood,  to  the  figure  of  the  frustrum  of  a  sphere  15 
inches  in  diameter  and  11  inches  in  height.  This  hub  was  well 
smoothed,  painted,  and  varnished;  its  diameter  is  0*28846  of  the 
diameter  of  the  screw,   and  both   ends   are   flat   and   circular.     The 
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length  of  the  blades,  in  the  direction  of  the  axis,  at  the  periphery  of 
the  screw,  is  SJ  inches,  whence  they  curve  gradually  outward  to  the 
length  of  11  inches,  in  the  direction  of  the  axis,  at  the  radius  of  19 
inches,  from  which  point  they  curve  gradually  inward  to  the  hub,  at 
which  the  length  is  TJ  inches  in  the  direction  of  the  axis.  When  the 
blades  are  viewed  in  projection  on  a  plane  parallel  to  the  axis  of  the 
screw,  they  are  pear-shaped,  and  the  forward  and  after  edges  are  ar- 
ranged symmetrically  on  both  sides  of  a  perpendicular  to  the  axis 
passing  through  the  center  of  the  blades.  The  pitch  expands  gradu- 
ally from  6  feet  8  inches  at  the  forward  edge  of  the  blade,  to  7  feet 
4  inches  at  the  after  edge,  making  the  mean  pitch  7  feet.  The  frac- 
tion used  of  the  pitch  iu  function  of  the  surface  and  of  the  propelling 
efficiency  of  the  surface  is  0-24. 

In  the  following  table  will  be  found  the  principal  dimensions  of  the 
screws:  For  screws  G  and  H,  the  mean  pitch  only  is  given,  and  the 
slip  is  always  calculated  for  it.  For  these  screws,  too,  the  length 
given  is  the  greatest  length  of  the  blades  in  the  direction  of  the  axis. 

Table  containing  the  principal  dimensions  of  the  screws  employed  in  the  following  experiments. 
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*Mangin  screw.  f  Griffith  screw. 

MANNER    OF    MAKING    THE    EXPERIMENTS. 

Before  commencing  the  experiments,  a  very  excellent  dynamometer 
was  constructed  and  applied  to  the  screw-shaft  for  the  purpose  of 
measuring  the  thrust  of  the  screw.  It  consisted  of  a  single  vertical 
lever,  stiff  enough  not  to  spring  under  a  considerably  greater  press- 
ure than  the  screw  was  capable  of  giving,   bearing  by  knife-edges  of 
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steel  against  a  brass  ring  free  to  move  on  guides  in  the  direction  of 
the  screw-shaft,  and  having  a  turned  recess  in  which  was  a  loose  brass 
ring  carrying  lignum-vitce  plugs  or  cylinders  projecting  beyond  both 
sides  of  the  loose  ring;  both  ends  of  the  plugs  are  bearing-surfaces, 
and  are  flat  and  at  right  angles  to  the  grain  of  the  wood.  These 
surfaces  were  kept  flooded  with  oil  during  the  trials.  The  knife-edges 
bore  against  pieces  of  steel  let  into  the  movable  brass  ring. 

The  thrust  of  the  screw  was  delivered  against  the  lignum-vitce  plugs 
by  a  brass  collar  secured  upon  the  screw-shaft  abaft  the  regular 
thrust-collars.  There  were  no  collars  on  the  screw-shaft  abaft  the 
dynamometer. 

The  guides  of  the  movable  brass  ring  carrying  the  loose  ring  in 
which  the  lignum-vitce  plugs  were  inserted,  were  two  steel  pins,  one 
on  each  side  of  the  shaft,  fitting  into  holes  of  a  little  larger  diameter 
bored  through  lugs  cast  upon  the  ring. 

An  accurately  graduated  steel  spiral  spring  was  attached  to  the 
upper  end  of  the  lever,  which  end  also  carried  a  pencil  that  traced 
the  line  of  pressures  continuously  on  a  sheet  of  paper  secured  around 
a  horizontal  large  diameter  revolving-drum  which  received  its  motion 
from  the  screw-shaft  through  worm-wheels  and  worms.  The  lower 
end  of  the  dynamometer  lever,  the  other  end  of  the  spiral  spring,  and 
the  guides  of  the  movable  brass  ring,  were,  of  course,  attached  firmly 
to  the  vessel.  The  ratio  of  the  length  of  the  vessel-arm  of  the  lever 
to  the  length  of  the  spring-arm,  was  1  to  11.  The  dynamometer- 
diagram  thus  obtained,  gave  the  thrust-pressures  for  every  instant 
during  each  run  of  the  vessel. 

Two  indicators  were  used :  one  of  them  was  kept  permanently  in 
position  on  one  cylinder,  and  the  other  on  the  other  cylinder,  during 
the  experiments.  Each  indicator  communicated  with  both  ends  of  its 
cylinder,  and  before  use  was  put  in  perfect  adjustment,  and  had  its 
spring  tested. 

A  counter  was  attached  to  the  screw-shaft,  and  registered  the  num- 
ber of  its  revolutions. 

The  base  for  the  experiments,  or  the  course  passed  over  by  the 
vessel  during  each  run,  was  a  straight  line  8,95.5  feet  long,  as  given 
by  the  very  accurate  survey  of  Mare  Island.  It  extended  from  the 
northern  side  of  the  dry-dock  dolphins,  or  guard  piers,  to  the  north- 
ern side  of  the  magazine  wharf.  This  base  was  close  under  the  lee 
of  the  high  ground  of  the  island,  the  wind  over  which  was  always  in 
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the  same  direction,  exactly  at  right  angles  to  the  base ;  and  the  water 
smooth. 

During  all  the  trials,  the  variation  in  the  vessel's  draught  of  water, 
and  in  the  trim,  was  very  slight.  The  velocity  of  the  tide  varied 
from  nil  to  three  geographical  miles  per  hour. 

With  each  screw  eight  experiments  were  made  at  the  speeds,  re- 
spectively, of  5,  5^,  6,  6|,  7,  7J,  8,  and  8|  geographical  miles  per 
hour,  as  nearly  as  could  be  obtained.  Each  experiment  consisted  of 
six  runs  over  the  base,  three  in  each  direction,  and  the  time  of  mak- 
ing them  was  selected  when  the  tide  had  but  little  influence.  The 
vessel's  speed  through  the  water  during  each  double  run  was  not  only 
ascertained  from  the  ranging  marks  at  the  ends  of  the  base,  but  by 
means  of  a  mercurial  speed-gauge  consisting  of  Berthon's  modifica- 
tion of  Pitot's  tube. 

This  gauge  was  composed  of  a  glass  tube  bent  into  the  U-form ; 
the  ends  of  the  tube  were  open,  and  the  curved  portion  and  a  portion 
of  the  legs  were  filled  with  mercury.  The  top  of  each  leg  communi- 
cated by  a  gum  pipe  with  the  bottom  of  a  separate  air-chamber,  and 
the  top  of  each  chamber  communicated  by  another  gum  pipe  with  the 
upper  portion  of  a  brass  tube  closed  at  both  ends.  One  of  these 
brass  tubes  was  placed  within  the  other,  the  inner  tube  passing  a  few 
inches  through  the  ends  of  the  outer  one  by  stuffing-boxes.  The 
upper  ends  of  the  brass  tubes  were  inside  the  vessel,  and  their  lower 
ends  protruded  about  6  inches  below  the  bottom  of  the  vessel,  12 
inches  from  the  nearest  side  of  the  keel,  and  at  about  the  middle  of 
the  vessel's  length.  The  inner  tube  was  the  pressure-tube,  and  its  in- 
terior received  the  pressure  of  the  water  through  a  hole  of  1-32  of 
an  inch  diameter  in  its  side,  a  little  above  its  bottom,  and  in  the  di- 
rectly ahead  direction  of  the  vessel.  The  larger  tube  was  the  neutral 
tube,  and  in  its  side,  a  little  above  its  bottom,  was  a  hole  of  1-82  of 
an  inch  diameter  with  its  axis  at  the  angle  of  41|  degrees  from  the 
directly  ahead  direction.  The  diameter  of  the  outer  brass  tube  was 
1  inch,  and  of  the  inner  brass  tube  f  of  an  inch.  A  properly  grad- 
uated scale  being  attached  to  the  legs  of  the  glass  tube,  measured  by 
the  difference  of  the  level  of  the  mercury  in  those  legs,  the  vessel's 
speed  in  geographical  miles  per  hour.  When  the  vessel  was  motion- 
less in  still  water,  the  mercury  in  the  two  legs  stood  at  the  same 
level.  The  vessel's  speed  by  this  gauge  in  a  calm  and  at  dead  high 
or  low  water,  being  frequently  compared  with  its  speed  at  the  same 
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time  according  to  the  shore-marks,  was  always  found  to  exactly  cor- 
respond. 

In  making  the  experiments,  the  vessel,  at  the  intended  speed,  was 
brought  opposite  one  end  of  the  base  and  then  run  uniformly  to  the 
other,  being  kept  in  a  straight  line  by  an  expert  steersman.  After 
passing  the  last  end  of  the  base  a  sufficient  distance,  the  vessel  was 
turned  and  the  run  repeated  back  in  the  same  manner.  The  throttle- 
valve  was  always  carried  wide  open,  during  the  turnings  as  well  as 
during  the  runs,  and  the  steam-pressure  varied  but  slightly  throughout 
an  experiment,  the  supply  of  steam  required  being  always  within  the 
capacity  of  the  boiler  to  furnish. 

From  the  commencement  of  each  run  to  its  end,  indicator-diagrams 
were  taken  as  rapidly  as  possible  from  each  end  of  each  cylinder. 
The  assistant  engineers  charged  with  this  duty  being  very  expert,  and 
having  the  pencils  and  paper  all  previously  prepared,  the  diagrams  were 
taken  with  so  little  interval  of  time,  that  they  may  be  considered  contin- 
uous. The  dynamometer-diagram,  taken  by  another  engineer,  was 
continuous  from  the  beginning  to  the  end  of  the  run. 

An  observer  stationed  always  at  the  same  part  of  the  vessel,  gave 
the  signal  the  instant  he  was  opposite  the  ranges  at  the  ends  of  the 
base;  and,  at  the  same  moment,  two  other  observers  took,  one  the 
time  to  a  second,  and  the  other  the  number  on  the  counter.  Thus, 
the  time  of  making  each  run,  and  the  number  of  revolutions  made  by 
the  screw  in  that  time,  were  exactly  ascertained. 

During  each  run,  an  observer  noted  at  the  end  of  each  half  minute 
the  vessel's  speed  through  the  water,  by  the  speed-gauge  ;  and  at  the 
end  of  every  minute  the  steam-pressure  in  the  boiler,  as  given  by  a 
spring-gauge.  There  were  also  noted  during  each  run,  the  tempera- 
tures of  the  external  atmosphere,  of  the  engine-room,  of  the  feed- 
water  entering  the  boiler,  and  of  the  sea-water  ;  also,  the  atmospheric 
pressure  as  given  by  an  aneroid  barometer.  Every  care  was  observed 
in  the  conduct  of  the  experiments  to  insure  extreme  accuracy.  Al- 
though many  of  the  quantities  noted  were  not  necessary  to  the  main 
purpose  of  the  experiment,  yet  the  results  from  them  are  interesting 
in  other  points  of  view. 

(To  be  continued.) 
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THE  TREATMENT  OF  TANK  OFFAL  AND  THE  GASES  FROM  RENDERING  TANKS, 

With  a  description  of  some  of  the  processes  in  operation  in  Chicago.* 

By  Dr.  Ben.  C.  Miller,  Sanitary  Superintendent. 

To  sanitarians,  and  indeed  to  the  citizens  of  all  large  cities,  the 
questions  how  to  care  for  animals,  how  to  kill  them,  and  the  proper 
method  of  caring  for  the  products  of  slaughter  houses,  are  exceed- 
iagly  grave  ones ;  questions  that  not  only  concern  the  health  of  the 
community,  but  the  comfort  of  individuals. 

In  considering  the  business  of  slaughtering  and  the  care  of  the 
products,  I  shall  refer  to  the  manner  in  which  it  was  conducted  in 
Chicago  up  to  1865,  mention  the  improvements  made  since  that  time, 
and  give  descriptions  of  some  of  the  apparatus  now  in  use. 

At  the  period  referred  to,  live  stock  was  received  at  the  different 
yards  in  the  city  ;  the  principal  ones  being  at  Twenty-second  street. 
The  accommodations  were  not  first  class,  the  pens  were  not  planked 
in  many  cases,  and  the  animals  were  compelled  to  stand  in  the  mud. 

In  1865  the  new  yards  of  the  Union  Stock  Yard  Company  were 
completed,  and  the  cattle,  etc.,  were  subsequently  received  at  that 
point.  The  entire  yards  were  drained  as  well  as  the  nature  of  the 
ground  would  admit,  the  roadways  and  alleys  macadamized,  and  the 
pens  for  cattle  planked;  while  those  for  sheep  and  hogs  were  in  addi- 
tion roofed  to  protect  them  from  the  weather.  Water  is  furnished 
throughout  the  yards  from  an  artesian  well.  The  superintendent, 
Mr.  John  B.  Shennan,  who  is  absolute  in  authority,  has  a  large  force 
constantly  employed  in  taking  care  of  the  pens  and  keeping  them 
clean,  every  effort  being  made  to  render  the  animals  comfortable. 

Inspectors  pass  through  the  yards  constantly,  and  all  maimed  and 
diseased  cattle  found  are  not  permitted  to  leave,  but  are  killed  and 
sold  to  a  company  who  own  a  rendering  establishment  on  the  Calumet 


*  Read  before  the  American  Public  Health  Association,  in  Philadelphia,  November, 

1874. 
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river,  some  twenty  miles  from  the  city,  "whither  the  carcasses  are 
taken  and  rendered  for  their  fat.  In  this  way  maimed  and  diseased 
animals  are  prevented  from  going  into  the  market  and  being  sold  for 
food. 

The  following  table  shows  substantially  the  number  of  animals  re- 
ceived during  each  of  the  first  three  years  after  the  opening  of  the 
yards : 

Hogs,  ....  688,140 

Sheep,  ....  179,880 

Cattle,  ....  330,301 

While  in  1873  the  receipts  were  as  follows: 

Sheep,  ....  291,734 

Hogs,  ....         4,337,750 

Cattle,  ....  761,428 

An  increase  of  4,199,581. 

Previous  to  1865  nothing  had  been  done  towards  the  care  of  gases 
generated  in  the  rendering  tanks.  In  many  houses  closed  tanks  were 
not  in  use,  the  cooking  being  generally  done  in  open  kettles ;  and 
when  tanks  were  used,  the  gases  and  steam  were  permitted  to  escape 
into  the  open  air,  and  the  offensive  odors  were  carried  by  the  south- 
west wind  over  the  city.  Every  year  brought  to  the  city  a  large 
increase  in  the  number  of  animals  received,  and  a  corresponding 
increase  in  the  number  and  capacity  of  the  packing  houses,  with 
attendant  disagreeable  odors.  Nothing  had  been  done  to  utilize  the 
tank  refuse  when  removed  from  the  tanks ;  the  only  question  was  how 
to  get  rid  of  it.  Before  the  river  was  frozen,  boatloads  of  it  were 
dumped  into  the  lake  several  miles  from  shore ;  and  when  navigation 
closed  it  was  buried  on  the  prairies,  giving  variety  to  the  city  smells 
when  the  summer  warmed  it  up. 

The  quantity  of  tank  refuse  or  offal  a  single  season  will  yield  can 
be  readily  estimated  when  it  is  known  that  an  ox  or  a  cow  gives  50 
lbs.,  a  hog  20  lbs.,  and  a  sheep  7  lbs.  The  total  amount  cared  for 
during  1873  was  22,784,360  pounds. 

The  first  effort  made  toward  the  disposal  of  the  gases  was  in  the 
form  of  a  regulation  of  the  Board  of  Health,  compelling  the  use  of 
tanks  from  which  the  steam  passed  through  a  coil  of  pipes  into  a 
condenser,  and  thence,  with  a  portion  of  the  gases,  into  the  street 
sewer. 
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This  was  a  marked  improvement  over  the  old  way,  but  was  not  at 
all  satisfactory,  since  the  gases  escaped  through  the  man  holes  in  the 
street  sewers  into  the  atmosphere.  In  some  of  the  houses  the  steam 
and  gases  were  passed  into  the  chimneys  and  thence  into  the  air.  This 
was  all  that  was  done  in  this  direction  ;  but  steps  had  been  taken  to 
care  for  the  tank  refuse. 

Baugh's  dryer  (see  Plate  No.  1)  was  procured  by  one  company, 
and  an  attempt  made  to  turn  the  refuse  into  a  fertilizer.  It  was  suc- 
cessful so  far  as  the  drying  was  concerned,  but  the  odors  emitted  from 
the  smoke  stacks  were  unendurable,  and  the  company's  works  were 
indicted  as  a  nuisance. 

This  drying  machine  consists  of  a  revolving  cylinder  thirty  feet 
Ions:  and  three  feet  in  diameter,  inside  of  which  is  an  axle  with  three 
arms  or  agitators  equidistant  from  one  another,  which  revolve  in  the 
same  direction  as  the  cylinder.  The  heat  is  supplied  by  several  fire 
places  underneath,  and  also  by  a  current  of  hot  air  which  passes 
through  the  cylinder.  When  in  position  that  end  is  highest  where  the 
material  is  fed  into  the  machine  ;  the  refuse  coming  in  contact  with 
the  agitators  and  hot  air,  it  is  kept  constantly  in  motion  until  it 
passes  out  at  the  other  end  in  a  dry  state.  The  material  runs  through 
in  about  five  minutes,  and  from  one  to  two  tons  can  be  dried  in  an 
hour.  The  gases  generated  during  this  process  pass  into  a  condenser 
and  thence  into  a  chamber  (a  comparatively  new  invention),  the  tem- 
perature of  which  13  2100  degrees.  Here  they  meet  a  flame  and  dripping 
hydro- carbon  oil,  and,  as  claimed,  are  burned,  the  residuum  going  up 
the  chimney.  My  observations  of  the  working  of  this  machine  have 
extended  over  a  period  of  two  years,  and  in  my  opinion  the  dryer 
cannot  be  used  without  giving  ofi"ense  unless  the  gas  chamber  is  added 
and  kept  in  perfect  order.  When  not  connected  with  the  dryer  the 
volume  of  smoke  and  steam  passing  through  the  chimney  is  enormous ; 
when  it  is  used,  scarcely  any  smoke  is  noticeable,  and  the  disagree- 
able odor  is  lessened  to  such  an  extent  that  the  drying  process  can 
be  carried  on  without  giving  serious  offense. 

Another  apparatus  used  at  several  of  the  packing  houses,  for  manu- 
facturinfT  the  refuse  into  a  fertilizer,  is  known  as  Edwards'  machine 
(see  Plate  No.  2).  It  consists  of  a  cylinder,  varying  in  size 
according  to  the  work  to  be  done,  with  a  chamber  underneath  in 
which  air  is  heated  and  passed  through  an  inner  plate  into  the  cavity 
of  the  cylinder  where  it  comes  in  direct  contact  with  the  material. 
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In  the  centre  of  the  cylinder  is  an  axle  with  extending  arms,  the  axle 
being  revolved  by  machinery,  and  keeping  the  refuse  in  constant  mo- 
tion. The  heat  is  applied  under  the  cylinder,  none  entering  it  except 
a  small  quantity  which  escapes  through  the  openings  in  the  heated 
chamber. 

About  one  and  a  half  tons  can  be  dried  at  a  charge,  taking  about 
three  hours.  As  originally  constructed,  no  provision  was  made  for 
destroying  the  gases,  which  were  permitted  to  escape  into  the  open 
air.  Lately,  however,  the  owners  of  the  machine  have  attached 
Bradley's  process  for  destroying  the  gases,  and  also  added  escape 
pipes  to  the  rendering  tanks,  those  connected  with  the  sewers  having 
been  discontinued. 

Bradley's  process  consists  of  a  pipe  leading  from  the  dryer  and 
tanks  to  an  upright  boiler  thirty  feet  in  height,  filled  with  brick  so 
placed  that  water  can  percolate  freely  and  escape  from  the  bottom 
into  a  pipe  connected  with  the  sewer.  From  the  top  of  the  boiler  a 
large  pipe  leads  to  the  base  of  a  second  upright  boiler,  which  is  also 
filled  with  bricks  in  the  same  manner  as  the  other.  Extending  from 
the  top  of  the  latter  boiler  is  a  pipe  leading  to  a  rapidly  rotating  fan 
which  draws  the  gases  and  steam  from  the  dryers  and  tanks  and 
drives  them  into  a  chamber  underneath  the  grate  bars  or  furnaces, 
where  they  pass  through  the  fire,  and,  as  is  claimed,  are  destroyed. 
In  passing  through  the  boilers,  the  steam  and  vapory  portion  of  the 
gases  are  brought  in  contact  with  a  stream  of  water  which  flows 
through  the  bricks,  and  are  condensed,  escaping  ultimately  with  the 
water  into  the  sewer,  the  dry  gases  only  being  driven  under  the  fur- 
nace. I  cannot  state  fully  the  merits  of  this  machine,  as  it  has  been 
in  use  only  a  short  time ;  but  that  it  is  a  great  improvement  over  the 
old  method  there  can  be  no  doubt. 

Another  method  is  known  as  Storer's.  This  dries  differently 
from  either  of  those  described.  Baugh  dries  by  heat  applied  exter- 
nally, hot  air  passing  through  the  machine ;  Edwards  also  applies 
heat  externally,  but  adds  a  hot  air  chamber  with  openings  which  allow 
the  hot  air  to  come  in  contact  with  the  msitcrial.  In  the  Storer  pat- 
ent, heat  is  applied  on  the  inside  of  the  cylinder  by  using  pulverized 
fuel,  the  offal  coming  in  contact  with  a  flame  and  being  dried  rapidly 
in  a  temperature  ranging  from  2300  to  2700  degrees,  the  large  per- 
centage of  water  (from  50  to  75  per  cent.)  preventing  it  from   burn- 
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ing.  This  machine  (see  Plate  I,  Fig.  3),  which  will  dry  about  ten 
tons  of  raw  material  an  hour,  consists  of  a  brick-lined  cylinder  vary- 
ing in  size  according  to  amount  of  work  to  be  done,  placed  on  an 
incline  having  at  one  end  a  fire  place  and  at  the  other  a  smoke  stack. 
Underneath  are  friction  rollers,  on  which  it  revolves. 

The  material  is  fed  into  the  furnace  end  by  an  elevator,  where  it 
encounters  the  pulverized  fuel,  and  going  rapidly  through  it  comes  out 
at  the  base  of  the  smoke  stack,  and  there  it  is  conveyed  away  through 
another  elevator.  Passing  through  such  intense  heat  and  drying  so 
rapidly,  enormous  quantities  of  steam  and  gases  are  evolved.  These 
are  carried  into  a  combustion  chamber  at  the  base  of  the  stack.  This 
chamber  is  an  inverted  cone,  perforated,  and  opens  into  the  smoke 
stack.  At  the  bottom  of  the  cone  is  a  grate  on  which  is  a  coal  fire. 
Above  the  fire,  through  an  opening  in  the  side  of  the  cone,  a  jet  of 
the  pulverized  fuel  is  projected,  igniting  as  it  enters  and  keeping 
the  chamber  at  a  white  heat.  By  the  passage  of  the  gases  through 
the  chamber  and  the  grate  it  is  claimed  that  they  are  destroyed. 

This  machine  has  been  in  operation  for  two  years,  and  has  given 
general  satisfaction.  Many  experiments  have  been  made  to  test  the 
thoroughness  of  the  destruction  of  the  gases,  and  all  were  very  satis- 
factory, even  a  wet  blanket  placed  over  the  smoke  stack  to  dry 
retaining  no  odor  ;  and  it  was  demonstrated  that  if  the  gases  were 
passed  through  a  sufficiently  high  temperature,  they  were  neutralized 
or  destroyed. 

The  latest  machine  put  in  operation  is  known  as  the  Tobey  dryer 
(see  Plate  II,  Fig.  4).  It  consists  of  an  oblong  cylinder  twelve  or  fif- 
teen feet  in  length,  made  of  boiler  iron,  and  so  constructed  as  to 
surround  the  material  with  a  steam  jacket.  Inside  is  another  cylin- 
der, hollow  and  some  sixteen  inches  in  diameter,  covered  with  teeth, 
which  comminutes  the  offal  and  facilitates  the  drying  process.  The 
cylinders  are  heated  by  the  surplus  steam  from  the  boilers  used  in 
the  packing  house  proper.  The  dryer  is  fed  by  a  contrivance  which 
supplies  a  given  quantity  at  a  time,  the  material  passing  through  in 
about  ten  minutes.  On  the  top  of  the  outer  cylinder  is  a  dome, 
through  which  the  gases  pass  upward  to  a  pipe  leading  to  a  condenser 
composed  of  a  chamber  and  a  copper  pipe  with  a  blind  end,  perfo- 
rated with  hundreds  of  minute  holes. 

The  steam  and  gases  entering  the  chamber  come  in  contact  with 
fine  streams  of  water  trickling  from  the  perforations  and  the  steam 
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part  of  the  gases  is  condensed,  and  escapes  with  the  water  into  the 
street  sewer. 

This  apparatus  has  not  been  long  in  use  and  one  of  its  most  valua- 
ble features  seems  to  be  in  the  economy  of  working.  It  can  be  oper- 
ated by  the  surplus  steam  of  a  packing  house,  and  its  capacity  is  such 
that  the  offal  can  be  disposed  of  as  fast  as  the  fat  is  removed  from  it, 
thus  preventing  accumulations  and  permitting  no  material  to  grow 
rancid. 

This  includes  the  more  prominent  machines  (with  the  exception  of 
the  Hogel  machine  which  is  heated  by  steam)  in  use  in  Chicago  for 
the  purpose  indicated. 

By  the  use  of  the  above  machines  the  tank  refuse  can  without 
doubt,  be  cared  for  without  giving  serious  offense,  but  to  do  so  the  ut- 
most vigilance  is  required  in  working  the  different  processes.  That 
the  work  will  be  done  without  offense  to  the  public,  there  can  be  no 
doubt,  for  the  material  is  too  valuable  to  lose,  and  the  Chicago  public, 
from  the  past  improvements  are  satisfied  that  the  work  can  be  done 
without  offense  and  will  insist  on  its  being  done  so. 

In  considering  the  above  processes  I  have  spoken  incidentally  of 
the  escape  pipe  of  the  rendering  tanks  being  attached  to  the  Bradley 
condenser  and  the  destroying  of  the  gases  in  the  furnaces. 

It  is  claimed  that  the  combustion  chamber  of  Baugh  or  Storer  will 
destroy  the  tank  gases  if  the  proper  connections  are  made, 

THE  GASES  FROM  RENDERING  TANKS, 

After  the  Board  of  Health  compelled  the  use  of  closed  tanks  and 
the  use  of  condensers,  many  experiments  were  made  looking  towards 
the  destroying  of  tank  gases. 

Among  the  successful  ones  was  the  experiment  of  Mr.  Jimes  Tur- 
ner which  resulted  in  Turner's  patent,  (Plate  II,  Fig.  5)  which  carbonizes 
the  gases  and  destroys  them.  After  the  steam  is  condensed,  the 
gases  are  carried  off  by  a  pipe  to  an  iron  tank,  fifty  feet  from  the  build- 
ing where  they  pass  through  gasoline  or  other  hydro-carbon  oils,  and 
are  brought  back  to  the  furnace  and  burned  under  the  boilers.  The 
amount  of  gases  generated  from  the  tanks  used  in  a  large  packing 
house  is  suflficient,  after  being  carbonized,  to  generate  a  large  quan- 
tity of  heat,  and  will  by  this  method  save  a  large  percentage  of  fuel. 

That  these  gases  can  be  burned  in  the  open  air  without  offense  has 
been  frequently  demonstrated  to  the.  writer  and  others,  and  at  present 
the  patentee  is  placing  a  gasometer  in  connection  with  his  carbonizer 
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in  which  the  gas  will  be  stored  in  sufficient  quantities  to  light  the 
packing  house. 

That  each  year  brings  improvements  in  the  packing  houses  and 
diminishes  the  number  of  nuisances  both  in  quantity  and  intensity  is 
evident.  The  packing  house  of  to-day  is  totally  different  from  that 
of  ten  years  ago. 

Aside  from  the  improvements  in  caring  for  refuse  and  gases,  much 
has  been  done  in  other  directions.  The  sewerage  is  now  looked  after 
and  every  effort  is  made  to  have  perfect  ventilation,  both  by  external 
windows  and  by  mechanical  means  of  the  latest  and  most  approved 
plans.  In  the  place  of  wooden  floors  in  the  cellars,  stone  floors  have 
in  some  of  the  recently  erected  houses  been  substituted. 

Packers  have  learned  that  the  more  perfect  the  arrangements  of 
the  house,  the  more  fully  sanitary  requirements  are  met,  more  work 
can  be  done  and  a  better  class  of  meat  cured. 

I  think  the  management  of  some  of  the  houses  has  demonstrated 
that  they  can  be  conducted  without  serious  offense,  and  if  in  the 
future  improvements  progress  in  the  same  ratio  as  they  have  pro- 
gressed in  the  past  six  or  eight  years,  and  packers  take  an  interest  in 
adopting  them  and  doing  their  work  well,  there  will  be  slight  cause 
for  complaint  against  packing  houses. 


New  Method  of  Developing  Magnetism. — Tommasi  has  re- 
cently stated  in  a  paper  communicated  to  the  JBVench  Academy  of 
Sciences,  that  when  a  current  of  steam  under  a  pressure  of  five  or 
six  atmospheres  is  driven  through  a  copper  tube  one-eighth  to  one- 
quarter  of  an  inch  in  diameter,  wound  in  the  form  of  a  helix,  a  bar 
of  iron  placed  in  the  axis  of  this  helix,  becomes  so  strongly  magnet- 
ized that  a  needle  placed  several  centimeters  distant  from  this  steam- 
magnet,  is  decidedly  attracted.  The  magnetism  remains  in  the  bar 
so  long  as  the  current  of  steam  continues. 

Preservation  of  Metallic  Sodium. — According  to  Bottger,  if 
sodium  be  placed  in  alcohol  until  its  surface  becomes  brilliant,  and 
then  in  naphthalic  ether  chemically  pure,  and  finally  in  a  concentrated 
solution  of  naphthaline  in  naphthalic  ether,  the  metal  may  be  pre- 
served unalterable  with  its  luster  unimpaired,  for  a  long  time. 
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ON  THE  MECHANICAL  EQUIVALENT  OF  HEAT. 


By  M.  Jules  Violle.* 


The  principle  of  the  equivalence  between  heat  and  work,  we  owe 
originally  to  Mayer^;  though  Joule  also  formulated  it  at  about  the 
same  time^.  So  important  was  this  discovery  that  it  is  not  too  much 
to  say  that  it  formed  the  foundation  of  an  entirely  new  science. 
Attention  was  thereby  called  at  once  to  a  principle  enunciated  twenty 
years  before  by  Sadi  Carnot^;  and  soon  the  principle  of  Carnot,  gen- 
eralized by  Clausius^  was  united  to  that  of  Mayer,  to  constitute  the 
basis  of  what  is  now  known  as  the  mechanical  theory  of  heat. 

These  two  fundamental  principles,  first  postulated  by  Mayer  and 
Sadi  Carnot,  have  modified  to  a  remarkable  extent  the  ideas  which 
were  held  up  to  that  time,  upon  the  nature  of  heat.  The  conse- 
quences which  have  been  drawn  from  them  by  Helmholtz,  Clausius, 
Joule,  Sir  W.  Thomson,  Macquorn  Rankine  and  Hirn,  have  justly 
attracted  the  attention  of  the  entire  scientific  world ;  indeed,  some  of 
these  deductions  have  already  been  the  cause  of  introducing  important 
improvements  into  industrial  mechanics.  The  essential  point,  however, 
in  the  application  of  these  new  principles,  is  obviously  the  exact  value 
of  the  numerical  coefficient  which  enters  into  Mayer's  theorem,  that 
is  to  say,  the  mechanical  equivalent  of  heat.  By  this  term  is  meant 
the  number  of  kilogram-meters  (or  of  foot-pounds)  of  force  which  is 
produced  by  a  unit  of  heat  integrally  transformed  into  work ;  or, 
what  is  the  same  thing,  the  number  of  kilogram-meters  (or  of  foot- 
pounds) of  force  which  it  is  necessary  to  expend  in  order  to  produce 
a  unit  of  heat,  assuming  that  the  integral  transformation  of  heat  into 
work  is  a  success.     The  I'esearches  which  have  been  undertaken  in  or- 


[*  The  following  paper,  which  we  translate  from  the  Revue  fndu.i(r telle,  was  Tea,d 
before  the  Marseilk's  Inilnstrial  Scientific  Society,  ami  is  an  excellent  re.ium^  oi  the 
whole  subject.  Its  author.  M.  Violle,  is  a  professor  in  tlie  scientific  faculty  at  (Jreno- 
ble.— En.] 
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der  to  determine  this  fundamental  number  are  very  numerous,  espe- 
cially if  we  consider  how  short  the  time  which  has  elapsed  since  Mayer 
for  the  first  time  enunciated  the  equivalence  of  heat  and  work. 

These  researches  have  been  undertaken  from  widely  different  stand- 
points. Indeed  it  is  evident  from  the  great  generality  of  the  theorem, 
that  by  methods  exceedingly  diverse,  the  numerical  value  of  the 
mechanical  equivalent  of  heat  may  be  accurately  obtained.  From 
this  most  fortunate  possibility,  therefore,  there  arises  a  means  of 
controlling  the  individual  results  of  each  experimenter.  In  this  paper, 
it  is  my  purpose  to  enumerate  these  results,  and  to  specify  those  which 
appear  to  be  most  worthy  of  confidence. 

The  most  striking  example,  probably,  of  the  transformation  of  work 
into  heat,  is  that  which  is  furnished  by  friction.  As  early  as  1798, 
Count  Rumford,  struck  with  the  enormous  amount  of  heat  set  free  in 
the  boring  of  cannon,  made  an  experiment  in  the  Royal  foundry  at 
Munich  which  has  since  bi-come  celebrated.  He  succeeded  by  means 
of  the  heat  alone  produced  by  the  friction  of  a  blunt  rod  against  the 
bottom  of  a  hollow  cylinder  of  iron,  in  boiling,  in  the  course  of  two 
hours  and  a  half,  a  mass  of  water  of  over  ten  liters^  J  ule  first 
made  an  exact  measure  of  the  heat  set  free  by  friction,  and  compared 
it  accurately  with  the  work  absorbed,  in  1849''.  His  experiments, 
which  were  very  numerous  and  were  conducted  with  great  care,  were 
made  with  water  and  mercury,  and  cast  iron,  and  gave  him  for  the 
mechanical  equivalent  of  heat  the  number,  424-9,  as  the  mean  of  a 
large  number  of  closely  concordant  results.  The  value  thus  deter- 
mined, coincided  almost  exactly  with  that  which  Joule  had  himself 
determined  in  1843.  while  studying  the  friction  of  water  in  straight 
tubes^  Subsequently,  Favre  measured,  by  means  of  his  calorimetric 
apparatus,  the  heat  evolved  in  the  friction  of  steel  on  steel,  and  thence 
deduced  413  as  the  value  of  the  mechanical  equivalent  of  heat^ 
About  the  same  time,  Hirn  published  the  results  of  analogous  experi- 
ments made  by  him';  the  friction  of  liquids  gave  him  432,  and  the 
compression  of  lead,  425.  It  must  not  be  forgotten  that  all  these 
friction  experiments  present   difficulties   which   are   well   nigh   insur- 
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tnountable.  The  measure  of  the  work  done  is  especially  delicate, 
since  all  the  work  expended  is  not  converted  into  heat ;  a  portion  more 
or  less  considerable  being  lost  in  the  form  of  sensible  motion,  such  as 
vibrations  of  surrounding  bodies  and  of  the  air,  without  the  possibility 
of  measuring  it.  We  should  not  then  be  surprised  that  the  numbers 
obtained  in  this  way,  as  given  above,  diifer  among  themselves  by  the 
small  quantities  mentioned. 

If  in  friction,  we  see  an  excellent  example  of  the  transformation 
of  work  into  heat,  the  inverse  transformation  of  heat  into  work  ap- 
pears more  evident  still  in  thermic  engines,  especially  in  those 
"which  are  moved  by  steam.  Hirn  has  succeeded  in  measuring  with 
great  exactness  both  the  heat  communicated  to  the  boiler  of  a  steam 
engine,  and  the  total  work  performed  by  the  engine'".  These  experi- 
ments, made  by  means  of  the  powerful  steam  engines  of  a  spinning 
factory,  near  Colmar,  cannot,  it  is  evident,  lead  to  an  exact  value  of 
the  mechanical  equivalent  of  heat  (Hirn  obtained  the  number  398); 
but  they  have  a  very  great  importance  in  establishing  and  also  in 
popularizing,  so  to  speak,  the  actual  theory  of  heat. 

The  steam  engine  is  by  no  means  the  only  thermic  motor  employed  in 
the  industrial  arts.  Electro-magnetic  engines  may  also  be  regarded 
as  thermic  machines,  deriving  their  power  from  the  heat  evolved  by 
the  solution  of  the  zinc  in  each  cell  of  the  battery  and  transported 
throughout  the  ciicuir  by  means  of  the  current.  The  experiments  of 
Favre"  have  shown  in  a  most  satisfactory  manner  that  it  is  at  the  ex- 
pense of  a  certain  quantity  of  this  heat  that  an  electro-magnetic  en- 
gine produces  mechanical  work;  and  in  measuring  the  work  performed 
and  the  corresponding  absorption  of  heat,  Favre  has  obtained  another 
value  for  the  mechanical  equivalent  of  heat,  443.  Thisnumber,  it  will 
be  noticed,  differs  but  little  from  the  exact  value.  It  is  necessary  to  re- 
mark here  also,  that  these  determinations  are  extremely  delicate,  and 
that  in  the  experiments  of  Favre,  the  equivalent  sought  having  for  its 
expression  the  quotient  obtained  by  dividing  13 1*4  by  0*296,  the  divisor 
0*296  itself  being  the  difference  of  two  quantities  of  heat  measurable 
scarcely  to  one  thousandth,  this  difference  may  very  probably  have  an 
error  of  002.  This  error  if  admitted  would  enable  us  to  derive  from 
the  data  of  Favre,  the  value  435.     Again  it  is  possible  to  deduce  the 
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numerical  value  of  the  mechanical  equivalent  of  heat  simply  by  meas- 
uring the  heat  evolved  in  a  wire  through  which  an  electric  current 
passes.  We  know,  according  to  the  law  of  Joule^",  that  the  heat 
evolved  by  a  current  is  proportional  to  the  product  of  the  square  of 
the  strength  of  the  current  by  the  resistance  of  the  circuit.  Now 
Clausius  has  shown  that  the  coejGficient  of  proportionality  is  the  exact 
reciprocal  of  the  mechanical  equivalent  of  heat'^  If  then,  we  meas- 
ure at  the  same  instant  the  heat  which  a  given  current  produces,  the 
strength  of  this  current,  and  the  resistance  of  the  circuit,  the  equiv- 
alent sought  can  be  easily  calculated.  This  has  been  done  by  Quintus 
Icilius",  who  making  use  chiefly  of  Weber's  most  valuable  researches'^ 
on  the  absolute  measure  of  currents,  has  obtained  392  as  the  equiva- 
lent ;  a  value  considerably  different  from  the  probable  one.  The 
difference,  however,  does  not  exceed  the  limits  of  uncertainty  attach- 
ing to  the  use  of  the  large  number  of  constants  which  it  is  necessary 
to  determine,  and  which  themselves  are  not  easy  to  obtain  by  experi- 
ment. 

Instead  of  having  its  origin  in  the  chemical  reactions  taking  place 
in  the  cells  of  the  battery,  the  heat  produced  by  electrical  currents 
may  be  itself  the  result  of  a  direct  transformation  of  mechanical 
work.  It  is  this  condition  of  things  which  takes  place  when,  by  the 
expenditure  of  a  certain  amount  of  work,  a  conducting  wire  is  moved 
in  presence  of  a  magnet  or  of  a  current.  The  heating  which  is  pro- 
duced under  these  conditions,  has  been  measured  by  Joule,  very  early 
in  the  history  of  thermo-dynamics,  by  means  of  a  tube  full  of  water 
revolving  between  the  poles  of  an  electro-magnet'*^.  Indeed  by  this 
method  the  very  first  determination  of  the  mechanical  equivalent  of 
heat  was  made.  The  number  obtained  by  Joule,  460,  is  a  remarkably 
close  approximation;  although  the  various  values  of  which  this  num- 
ber is  the  mean  are  not  very  accordant,  ranging  between  322  and 
572.  This  comes,  without  doubt,  from  the  fact  that  the  measurement 
of  the  heat  was  not  made  by  a  method  sufficiently  exact;  that  the 
correction  for  cooling   was  a   little   uncertain  ;  and  lastly,  from  the 
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much  more  important  fact  that  the  temperature  of  the  water  of  the 
tube  was  measured  by  two  thermometers  placed  at  the  two  extremities 
of  the  tube,  there  being  nothing  to  guarantee  that  the  temperature 
should  be  the  same  at  all  points  of  the  liquid.  Indeed  it  is;,  on  the 
contrary,  much  more  probable  that,  with  a  constant  velocity  of  rota- 
tion, a  permanent  condition  of  things  is  established  in  which  the 
temperature  varies  regularly  from  the  centre  toward  the  ends.  Le 
Roux  has  repeated  these  experiments,  making  use  of  the  powerful 
magneto-electric  machines  of  the  Alliance  Company^".  He  finds  for 
the  mechanical  equivalent  of  heat  the  numbers  442,  462,  and  470, 
the  mean  being  458.  The  method  employed  by  him,  even,  for  meas- 
uring the  heat,  is  also  somewhat  uncertain.  Foucault  had,  however, 
long  before,  given  to  Joule's  experiment,  a  remarkable  form,  in  which 
the  heating  becomes  manifest  in  a  very  short  period  of  time. 

Between  the  poles  of  a  powerful  electro-magnet,  says  Foucault'% 
I  placed  the  rotating  disk  of  a  gyroscope.  This  disk  is  made  of  bronze 
having  a  toothed  j)inion  upon  its  axis,  by  means  of  which  it  was  con- 
nected with  a  train  of  wheel-work,  in  order  to  drive  it.  By  means 
of  a  crank,  worked  by  hand,  a  velocity  of  150  to  200  turns  per 
second  can  e:isily  be  given  to  the  disk.  In  order  to  render  the  action 
of  the  magnet  more  eifective,  two  pieces  of  soft  iron  placed  above  the 
bobbins,  lengthened  the  magnetic  poles  and  concentrated  the  force  in 
the  vicinity  of  the  rotating  body. 

"When  the  apparatus  is  put  in  motion  with  a  high  velocity,  the  cur- 
rent of  six  Bunsen  cells  passed  through  the  electro-magnet,  arrests 
the  rotation  in  a  few  seconds  as  if  an  invisible  brake  had  been  ap- 
plied. This  is  really  the  experiment  first  made  by  Arago'^,  and 
developed  by  Faraday.  If  now  the  crank  be  forced  to  turn  in  the 
attempt  to  give  to  the  apparatus  its  former  velocity,  the  resistance 
encountered  requires  the  application  of  a  certain  amount  of  power, 
which,  disappearing  as  such,  accumulates  effectively  as  heat  in  the 
interior  of  the  revolving  body. 

By  means  of  a  thermometer  inserted  in  the  disk,  we  may  follow 
step  by  step  the  progressive  elevation  of  the  temperature.  Having 
taken,  for  example,  the  apparatus  at  the  surrounding  temperature  of 
16°   Centigrade,  the   thermometer  was  seen  to  rise    successively  to 
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20°,  25°,  30°  and  34°.  Then  the  phenomenon  had  become  so  devel- 
oped as  not  to  require  the  use  of  thermometric  instruments.  The 
heat  produced  was  sensible  to  the  hand. 

Some  days  afterward,  the  battery  being  reduced  to  two  cells,  a  flat 
disk  made  of  copper  was  raised  in  temperature  during  two  minutes  of 
motion,  to  60°. 

This  experiment  is  one  by  which  a  measurement  of  the  mechanical 
equivalent  of  heat  may  be  most  admirably  made.  Two  conditions 
only  are  necessary  and  sufficient  to  make  it  certain  that  the  heat 
evolved  in  the  experiment  is  the  exact  equivalent  of  the  work  ex- 
pended in  maintaining  the  rotation  uniform  : 

1.  It  is  necessary  that  the  disk  should  be,  at  the  end  of  the  exper- 
iment, in  precisely  the  same  condition  as  at  its  beginning. 

2.  It  is  necessary  that  the  heating  of  the  disk  should  be  the  only 
effect  produced. 

Both  these  conditions  are  satisfied  in  the  experiment. 

1.  Consider  the  beginning  and  the  end  of  the  experiment.  At 
these  two  periods  of  time,  the  disk  is  precisely  in  the  same  physical 
condition,  except  of  course  as  to  temperature  and  to  the  other  effects 
dependent  upon  this.  When,  then,  by  immersion  in  the  liquid  iu  the 
calorimeter,  the  disk  is  returned  to  its  initial  temperature  or  to  a  tem- 
perature diifering  from  this  by  an  exceedingly  minute  amount,  it  is 
restored  to  identically  the  same  physical  condition  as  before  the 
experiment. 

2.  Leaving  the  axle  out  of  account  for  the  moment  (since  its  influ- 
ence upon  the  result  can  be  estimated  without  difficulty)  the  apparatus 
is  reduced  to  a  disk  turning  freely  in  the  air,  without  any  friction 
against  external  bodies,  at  least,  if  we  except  the  friction  against  the 
surrounding  air,  which  may  be  regarded  as  insignificant  in  conse- 
quence of  the  great  mobility  of  the  air  and  the  perfect  symmetry  of 
the  moving  body.  If  then,  the  useful  work  employed  in  maintaining 
the  rotation  be  measured,  it  seems  at  first  sight  entirely  certain  that 
the  heating  of  the  disk  is  the  only  phenomenon  produced  by  the  ob- 
served expenditure. 

When,  therefore,  we  consider  only  the  phenomena  as  they  are  pre- 
sented to  our  senses ;  when  we  observe  the  rotation  of  the  disk  main- 
tained by  a  continual  expenditure  of  force,  and  notice  the  gradual 
heating  of  this  disk  during  the  entire  duration  of  the  experiment,  the 
proposition  above  stated  appears  to  us  incontestable.     But  if  we  ex- 
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amine  into  the  matter  more  closely,  a  serious  objection  presents  itself 
to  the  mind,  an  objection  which  Joule  himself  first  suggested  (though 
he  formulated  it  in  a  very  obscure  manner),  and  by  which  he  ac- 
counted for  the  singular  disagreement  of  his  experiments  with  this 
method.  We  have,  in  fact,  neglected  up  to  the  present  time,  an  in- 
termediate phenomenon  ;  the  motion  is  transformed  into  heat  only  by 
means  of  electricity.  The  immediate  action  of  the  electro-magnet 
upon  the  disk  when  in  motion  is  to  develop  in  it,  by  induction,  elec- 
tric currents;  and  it  is  these  currents  which  heat  the  disk.  But  even 
if  it  were  true  that  the  work  expended  to  maintain  the  rotation  of 
the  disk  was  transformed  entirely  into  electricity,  is  it  quite  certain 
that  all  this  electricity  is  transformed  into  heat?  In  order  that  it 
may  be,  it  is  necessary  that  the  heating  of  the  disk  be  the  only  effect 
produced  by  the  currents.  But  even  if  the  currents  thus  generated 
within  the  disk  do  not  cause  either  luminous  phenomena  or  perturbing 
mechanical  effects,  have  we  not  to  fear  that  they  will  give  rise  to 
phenomena  of  induction,  thus  creating  by  their  influence  electric  cur- 
rents in  the  two  polar  masses  of  the  electro-magnet?  I  answer  they 
will  nut;  because  I  have  shown  by  expeiiments  specially  instituted  to 
test  this  question*',  that  as  soon  as  the  velocity  of  the  disk  becomes 
uniform,  there  are  no  induction  currents  circulating  in  polar  masses  of 
the  electro-magnet,  and  hence,  consequently,  there  is  no  reaction 
between  the  disk  and  the  electro-magnet.  Moreover,  these  results 
have  since  been  confirmed  by  direct  experiments  made  by  Jacobi^'. 
The  reason  of  this  result  appears  to  me  entirely  obvious ;  in  every 
experiment,  as  soon  as  the  disk  attains  the  uniform  velocity  which  is 
maintained  throughout,  the  electric  currents  which  are  developed  by 
induction  in  thi.*  disk,  maintain  a  constant  intensity  and  preserve  in 
space  a  constant  position.  We  may  therefore  consider  these  cur- 
rents, of  the  form  and  distribution  of  which  we  have  nothing  now  to  say, 
as  absolutely  fixed  so  soon  as  equilibrium  is  reached.  It  is  the  dis- 
placement of  the  material  of  the  disk  with  reference  to  these  cur- 
rents which  produces  the  heating  which  is  observed.  But  now,  if  the 
currents  do  not  change  either  in  strength  or  in  position,  there  cer- 
tainly can  be  no  effect  of  induction  produced  on  external  conductors; 
a  conclusion  which  direct  experiment  fully  confirms. 

20.  Annaleg  de  Chimie  et  de  I'h>/sique,  September,  1870. 

21.  Comptet  Rendus  des  Sioncet  de  l' Academic  des  Sciencen,  .January,  1872. 
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In  consequence  of  the  facts  now  stated  I  was  led  to  the  belief  that 
I  could  employ  advantageously  Foucault's  apparatus  for  measuring 
the  mechanical  equivalent  of  heat".  And  by  means  of  it,  using  disks 
of  various  metals,  I  have  obtained  with  copper  435-2,  with  tin  435"8, 
with  lead  437*4,  and  with  aluminum  434*9.  The  experiments  made 
with  the  disks  of  copper  and  of  aluminum  are,  it  seems  to  me,  worthy  of 
more  confidence  than  the  others,  and  in  consequence  I  propose  435  as 
the  mechanical  equivalent  of  heat. 

The  exactness  of  this  number  has  been  confirmed  by  certain  very 
important  researches,  made  by  an  entirely  different  method.  From 
the  general  properties  of  gases,  we  can,  it  is  well  known,  deduce  the 
value  of  the  mechanical  equivalent  of  heat  by  means  of  the  formula: 

E  =  —  P^^ 
C  —  c' 

Now  Regnault  has  made  exact  determinations  of  the  density,  the 
coefficient  of  dilatation  and  the  specific  heat,  under  constant  pres- 
sure, for  air,  for  hydrogen,  and  for  carbonic  acid.  Moreover,  the 
uncertainty  which  has  so  long  existed  upon  the  exact  value  of  c,  has 
recently  also  disappeared,  thanks,  too,  to  Regnault,  who  by  a  careful 
study   of    the  propagation   of    sound  through  gases,  has  found    for 

C 
7?t=  -   the  value  1*3945. 
c 

I  have  not  space  to  describe  here  the  experimental  processes  em- 
ployed by  Regnault  in  his  gigantic  investigation  on  the  propagation 
of  sound  in  gases^^  which  has  given  us  this  determination  of  m.  I 
will  content  myself  with  giving  some  of  the  results,  taken  from  the 
resum^  which  the  author  has  himself  published:" 

According  to  the  formula  of  La  Place,  the  velocity  of  propagation 
of  a  sonorous  wave  is  the  same,  whatever  be  the  intensity  of  the 
wave;  but  according  to  the  complete  theoretic  formula,  this  velocity 
ought  to  be  as  much  greater  as  the  intensity  of  the  wave  is  more 
considerable.  Now,  experiment  teaches  us  that  in  a  cylindrical  pipe, 
such  as  is  used  for  conducting  gas  or  water,  the  intensity  of  a  wave 
does  not  remain  constant,  but  that  it  successively  diminishes  ;  and 
this  the  more  rapidly  in  proportion  as  the  tube  has  a  smaller  section. 

22.     Comptcs  Rendiis  des  SSancen  de  V Academie  des  Sciences,  June,  July,  1870. 
2''^>.     Memoires  de  /' /nnHtut,  [Academie  des  Sciences,)  xlvii,  1871. 
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This  fact  was  observed  in  all  Regnault's  experiments  ;  but  I  shall  re- 
fer here  only  to  the  mean  velocity  of  a  wave  produced  by  the  dis- 
charge of  a  pistol,  which  is  propagated  in  dry  air  at  zero,  and  which 
can  be  followed  from  the  moment  of  starting  until  the  time  when  it 
has  no  longer  sufficient  intensity  to  throw  into  vibration  the  mem- 
branes which  indicate  its  passage.  The  experiments  above  referred 
to  were  made :  1st,  in  the  Ivry  gas  main,  the  interior  section  of 
which  is  0-108  meter  and  its  length  566-7  meters;  2d,  in  the  main 
along  the  military  route,  whose  diameter  was  0-300  meter  and  its 
length  1905  meters;  and  3d,  in  a  large  sewer  of  the  boulev{\rd 
St.  Michel,  1-10  meters  in  diameter  and  1590  meters  in  length. 

1.  In  the  main,  whose  diameter  was  0-108  meter,  the  diminution  of 
the  mean  velocity  of  the  same  wave,  reckoned  from  the  instant  of  its 
departure,  but  taken  successively  over  longer  and  longer  distances, 
and  making  use  of  the  reflections  at  the  two  ends  of  the  tube,  is  well 
defined.  2.  The  mean  velocitiesfor  waves  produced  with  the  same  charge 
of  powder,  and  for  equal  distances,  are  much  greater  in  the  main  of 
0*300  meter  than  in  that  of  0-108  meter.  3.  The  mean  velocity  of 
propagation  in  the  main,  whose  diameter  was  1-10  meters,  diminished 
less  rapidly  than  in  the  main,  whose  diameter  was  0-300  meter. 

These  differences  are  still  more  marked  when  we  compare  the  mean 
limiting  velocities  in  the  three  conduits ;  that  is  to  say,  the  velocities- 
which  correspond  to  a  wave  so  far  enfeebled  since  its  production  that 
it  can  no  longer  affect  the  membranes.  For  these  velocities,  the  fol- 
lowing; are  the  figures  obtained:  326*67  meters  in  the  main  of  O'lOS 
meter,  the  total  distance  traversed  being  4055-9  meters ;  32898 
meters  in  the  main  of  0  300  meter,  the  total  distance  being  15240-0 
meters;  and  330-52  meters  in  the  main  of  1100  meters,  the  distance 
being  19851-3  "meters. 

In  all  of  these  experiments,  the  wave  was  produced  by  the  same 
charge  of  powder.  The  membranes  remained  the  same  in  all,  and 
consequently  ceased  to  record  in  each  of  the  three  conduits,  when 
the  wave  had  reached  the  same  degree  of  enfeeblement.  If  then  the 
enfeebling  of  the  wave  comes  only  from  the  loss  of  vis  viva,  which  is 
communicated  to  the  walls  of  the  tube,  the  mean  limiting  velocity 
should  be  the  same  in  the  three  mains  since  the  wave  has  the  same 
intensity  at  the  instant  of  starting  and  precisely  tiie  same  at  the  in- 
stant when  it  makes  its  last  mark  upon  the  membrane.  These  limit- 
ing velocities  being,  on  the  contrary,  very  different,  it  is  necessary  to 
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conclude  that  the  walls  of  the  tube  exert  upon  the  air  in  the  interior 
some  other  action  than  that  just  indicated  ;  an  action  which  diminishes 
notably  its  elasticity  without  changing  sensibly  its  density.  In  order 
that  this  action  of  the  walls  upon  the  elasticity  of  the  gaseous  medium 
may.  be  absolutely  nil,  it  is  necessary  that  the  tube  have  an  infinite 
diameter.  But  it  ought  still  to  be  very  small  in  as  large  mains  as 
1*10  meters  ;  hence,  we  may  say  that  the  mean  velocity  of  propaga- 
tion, in  dry  air  at  the  temperature  of  zero,  of  a  wave  produced  by 
the  discharge  of  a  pistol,  following  it  from  the  muzzle  of  the  barrel, 
up  lio  the  instant  when  it  is  so  far  enfeebled  that  it  can  no  longer 
throw  the  most  delicate  membranes  into  vibration,  is  830-6  meters. 

In  the  experiments  made  by  Regnault  at  the  camp  at  Satory  to 
determine  the  velocity  of  propagation  of  waves  in  free  air  by  the  old 
method  of  reciprocal  cannon  discharges,  he  has  obtained  for  the  mean 
velocity  of  a  sonorous  wave  in  free  air,  dry  and  at  zero,  330'7  meters, 
a  number  which  coincides  almost  exactly  with  the  preceding  one. 

Without  insisting  here  upon  the  immediate  importance  of  these 
results,  I  shall  consider  now  only  their  utility  as  bearing  upon  the 
question  now  under  discussion.  This  will  appear  when  we  state  that 
the  theoretical  formula  for  the  velocity  of  sound  in  gases,  this  velocity 

C 
being  once  accurately  known,  enables   us  to  calculate   the   ratio,  — , 

c 

which  experiment  does  not  give  us  directly;  and  hence  also  to  calcu- 
late, by  the  formula  above  given,  the  value  of  E.  Employing  the 
numbers  obtained  in  the  above  experiments  of  Regnault,  calculation 
gives  E  =  436-08. 

If  now  we  compare  with  this  value,  the  number  which  I  obtained 
by  a  completely  different  process,  435,  and  also  that  which  Edlund^* 
had  previously  deduced  by  measuring  the  calorific  eifects  which  are 
produced  during  the  change  of  volume  of  metals,  431,  it  will  be  very 
evident  that  the  number  generally  adopted,  425,  is  too  small  and  that 
it  is  necessary  to  substitute  for  it  435  kilogram-meters,  as  the  true 
mechanical  equivalent  of  heat. 

24.     Pojfjendorff's  Annalen,  cxxxvi,  18G5. 
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DESCRIPTION  OF  M.  KASTNER'S  NEW  IWUSICAL  INSTRUMENT, 
THE  PYROPHONE.* 


By    M  .    D  u  N  A  N  T  . 


Sound  is,  in  general,  according  to  natural  philosophers;,  a  sensation 
excited  in  the  organ  of  hearing  by  the  vibratory  movement  of  pon- 
derable matter,  whilst  this  movement  can  be  transmitted  to  the  ear 
by  means  of  an  intermediate  agent.  Sound,  properly  called  musical 
sound  or  tone,  is  that  which  produces  a  continuous  sensation,  and  of 
which  one  can  appreciate  the  musical  value.  Noise  is  a  sound  of  too 
short  a  duration  to  be  appreciated  well,  as  the  noise  of  a  cannon,  or 
else  it  is  a  mixture  of  confused  and  discordant  sounds  like  the  rolling 
of  thunder.  For  a  single  sound  to  become  a  musical  sound,  that  i& 
to  say,  a  tone  corresponding  to  one  of  the  intonations  of  the  musical 
scale,  it  is  necessary  that  the  impulse  and,  consequently,  the  undula- 
tions of  the  air  should  be  exactly  similar  in  duration  and  intensity, 
and  that  they  should  return  after  equal  intervals  of  time.  In  its 
change  to  the  musical  state,  however  <lull  and  confused  the  noise 
may  be,  it  becomes  clear  and  brilliant.  Like  the  diamond,  after 
having  been  polished  and  cut  according  to  the  rules  of  art,  it  has  the 
brilliancy  for  the  ear  which  the  former  has  for  the  eye.  This  is  what 
takes  place  in  singing  flames.  Very  imperfect  in  its  beginning, 
hoarse,  roaring,  or  detonating,  it  does  not  come  nearer  the  musical 
sound,  properly  so  called  in  the  chemical  harmonica,  as  it  is  termed, 
still,  by  means  of  reiterated  trials  the  sound  of  the  single  flame  in 
the  tube,  the  lumen  philoHopldcum,  as  it  is  elsewhere  called,  can  it  be 
musically  produced  in  every  case? 

It  has  long  been  known  that  a  flame  traversing  a  glass  tube  under 
a  certain  pressure  produces  a  musical  sound.  The  eminent  savant 
Professor  Tyndall,  to  whom  the  greater  part  of  the  deep  questions 
in  physics  are  no  mysteries,  has  studied  singing  flames,  but  it  must 
be  admitted  that  singing  flames  have  only  penetrated  into  the  domin- 
ion of  art  in  consequence  of  the  discovery  made  by  M.  Frederic 
Kastner  of  the  principle  which  allows  of  their  being  tuned  and  made 
to  produce  at  will  all  the  notes  of  the  musical  scale,  to  stop  the  sound 

*A  paper  rend  before  the  Society  of  Arts,  February  ITtli,  187;">. 
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instantaneously  and  mechanically  ;  as  in  keyed  instruments  the  sound 
is  regulated  and  subdued  as  desired.  It  is  thus  that  the  modest 
harmonica  ehimique,  lumen  philosophicum  of  natural  philosophers 
has,  in  the  pyrophone,  attained  to  the  character  of  a  real  musical 
instrument ;  this  happy  result  supports  the  remark  that  the  observa- 
tion in  nature  of  the  phenomenon  of  sound  may  conduct  man,  if  not 
exactly  to  the  invention  of  music,  at  least  to  endow  the  art  with  re- 
sources which  increase  its  power.  The  sound  of  the  pyrophone  may 
truly  be  said  to  resemble  the  sound  of  a  human  voice,  and  the  sound 
of  the  ^olian  harp;  at  the  same  time  sweet,  powerful,  full  of  taste, 
and  brilliant ;  with  much  roundness,  accuracy,  and  fullness ;  like  a 
human  and  impassioned  whisper,  as  an  echo  of  the  inward  vibrations 
of  the  soul,  something  mysterious  and  indefinable  ;  besides,  in  general, 
possessing  a  character  of  melancholy,  which  seems  characteristic  of 
all  natural  harmonies.  The  father  of  this  young  philosopher,  a 
member  of  L'Institut  de  France,  and  a  learned  author,  who  died  in 
1867,  treating  on  cosmic  harmonies,  insists  on  this  peculiarity : — 

'•The  harmonies  of  nature,"  said  he,  "which  in  their  terrible 
grandeur  as  well  as  in  their  ineffable  sadness,  have  ever  charmed  the 
philosopher,  poet  and  artist,  are  most  often  stamped  with  a  character 
of  vague  melancholy,  from  the  influence  of  which  the  mind  cannot 
escape.  It  is  especially  when  the  noise  of  the  world  is  hushed  that 
these  powerful  harmonies  produce  the  most  over-powering  and  poetical 
effects." 

It  characterizes,  for  example,  the  sound  of  the  echo,  the  sound 
called  harmonics,  and  many  others  which  are  included  in  the  range 
of  musical  tones,  defined  further  on  under  the  name  of  chemical  and 
sympathetic  music.  We  have  the  most  remarkable  examples  of  these 
in  the  sound  of  the  ^olian  harp.  Science,  as  well  as  philosophy, 
poetry,  and  musical  art,  is  interested  in  the  further  study  of  these 
sounds.  In  Germany,  Goethe  and  Novalis,  in  France,  Jean  Paul, 
and  many  others,  have  eagerly  appreciated  the  bond  which  unites 
natural  harmonies  to  the  most  elevated  instincts,  and  to  the  most 
ideal  aspirations  of  the  human  soul. 

Professor  Tyndall  has  recognised  the  fact  that  in  order  to  render  a 
flame  musical,  it  is  necessary  that  its  volume  be  such  that  it  should 
explode  in  unison  with  the  undulations  of  the  fundamental  note  of 
the  tube,  or  of  one  of  its  harmonics.  He  also  asserts  that  when  the 
volume  of  the  flame  is  too  great,  no  sound  is  produced ;  he  demon- 
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strates  it,  by  increasing  the  flow  of  gas.  Professor  Tyndall  has  also 
called  attention  to  this  fact,  that  in  order  that  a  flame  may  sing  with 
its  maximum  of  intensity,  it  is  necessary  that  it  should  occupy  a  cer- 
tain position  in  the  tube.  He  shows  this  by  varying  the  length  of 
the  tube  over  the  flame,  but  he  does  not  specify  the  proportions 
which  must  exist  between  the  flame  and  the  tube  for  obtaining  this 
maximum  intensity  of  sound.  M.  Kastner's  merit  is  in  having  shown 
that  when  two  or  several  flames  are  introduced  into  a  tube,  they  vibrate 
in  unison,  and  produce  the  musical  maximum  of  sound  when  they 
are  placed  one-third  the  length  of  the  tube,  and  if  these  two  flames 
are  brought  in  contact,  all  sound  ceases  directly,  a  phenomenon 
M,  Kastner  demonstrates  to  be  caused  by  the  interference  of  sounding 
flames.  Here  is  a  question,  lately  scarcely  thought  of,  of  which 
M.  Frederic  Kastner  has  determined  the  laws,  at  the  same  time 
making  a  most  remarkable  application  of  them  in  creating  an  instru- 
ment which  reminds  one  of,  and  may  be  mistaken  for  the  sound  of 
the  human  voice. 

A  very  simple  mechanism  causes  each  key  to  communicate  with  the 
supply  pipes  of  the  flames  in  the  glass  tubes.  On  pressing  the  keys, 
the  flames  separate  and  the  sound  is  produced.  As  soon  as  the  fin- 
gers are  removed  from  the  keys,  the  flames  join,  and  the  sound  ceases 
immediately.  These  new  experiments  made  by  M.  Kastner  upon 
singing  flames  should  cause  all  makers  of  musical  instruments  to  turn 
their  attention  to  inventions  connected  with  sound.  If  two  flames  of 
suitable  size  be  introduced  into  a  glass  tube,  and  if  they  be  so  disposed 
that  they  reach  one-third  of  the  tube's  height,  measured  from  the 
base,  the  flames  will  vibrate  in  unison.  This  phenomenon  continues 
as  long  as  the  flames  remain  apart,  but  the  sound  ceases  as  soon  as 
the  two  flames  are  united.  If  the  position  of  the  flames  in  the  tube  is 
varied,  still  keeping  them  apart,  it  is  found  that  the  sound  diminishes 
wiiile  the  flames  are  raised  above  the  one-third  until  they  reach  the 
middle  point,  where  the  sound  ceases.  Below  this  point  the  sound 
increases  down  to  one-fourth  of  the  tube's  length.  If  at  this  latter 
point  the  flames  are  brought  together,  the  sound  will  not  cease  immedi- 
ately, but  the  flames  will  continue  to  vibrate  as  a  single  flame  would. 
M.  Kastner,  for  his  first  experiments,  used  two  flames  derived  from  the 
combustion  of  hydrogen  gas  in  suitably  constructed  burners.     The 
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interference  of  the  singing  flames  is  only  produced  under  special  con- 
ditions. It  is  certain  that  the  length  and  the  size  of  the  tubes  de- 
pends upon  the  number  of  flames.  The  burners  must  be  of  a 
particular  shape ;  the  height  of  the  flames  does  not  exercise  much 
eff"ect  upon  the  phenomenon.  From  a  practical  point  of  view,  the 
numerous  experiments  effected  by  M.  Kastner  during  several  years, 
have  resulted  in  the  construction  of  a  musical  apparatus  on  an  en- 
tirely new  principle,  to  which  he  has  given  the  name  of  Pyrophone  ; 
it  may  be  called  a  new  organ,  working  by  singing  flames,  or  rather 
by  vibrations  caused  by  means  of  the  combustion  of  these  flames. 
This  instrument  may  be  constructed  from  one  octave  to  a  most  ex- 
tended compass. 

The  British  Revieiv  humorously  remarks  that  the  pyrophone  will 
naturally  be  valuable  in  winter,  and  that  in  America  it  has  already 
been  recommended  to  families  as  a  means  of  warming  small  apart- 
ments, and  perhaps  an  economical  stove  may  be  added  to  it  for  the 
culinary  exigencies  of  straightened  households. 

The  pyrophone  will  have  in  the  future  a  poetical  mission  to  fill  in 
the  music  of  concerts.  A  great  number  of  composers  and  musicians 
have  already  admired  this  new  organ  performing  by  the  singing  of 
flames,  or  rather  by  vibrations  determined  by  means  of  the  combus- 
tion of  these  flames.  They  think  it  will  be  of  great  advantage  in 
cathedrals  and  churches,  as  the  most  extended  compass  can  be  given 
to  the  instrument. 

L'Annee  Scientifique,  by  M.  Figuier,  declares  that  the  pyrophone 
is  assuredly  one  of  the  most  original  instruments  that  science  has 
given  to  instrumental  music.  In  the  large  pyrophone  which  M.  Kast- 
ner has  constructed,  and  which  they  have  not  yet  been  able  to  bring 
to  London,  an  artist  can  produce  sounds  unknown  till  the  present  time, 
imitating  the  human  voice,  but  with  strange  and  beautiful  tones, 
capable  of  producing  in  religious  music  the  most  wonderful  effects. 
So  says  Le  Journal  Officiel.de  V Exposition  de  Vienne. 

Journals  and  reviews  abroad  have  unanimously  mentioned  with 
praise  this  new  instrument,  both  from  a  musical  as  well  as  from  a 
scientific  point  of  view. 

M.  Henri  de  Parville,  in  Les  Causeries  Scientijiques,  gives  a  large 
space  to  the  consideration  of  "  Singing  Flames,"  and  states  that 
"gas  music  "  made  its  debut  at  the  Vienna  Exhibition  of  1873.  La 
Nature  and  La  Revue  des  Sciences,  edited  by  M.  Tissandier,  believe 
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that  this  new  instrument  is  destined  to  produce  the  most  remarkable 
and  unexpected  effects  in  the  orchestras  of  Ijric  theatres  and  in  large 
concerts.  The  chandeliers  of  the  theatre,  besides  serving:  to  light  it, 
may  be  converted  into  an  immense  musical  instrument : — 

"When  the  pyrophone  is  played  by  a  skillful  hand,  a  sweet  and 
truly  delicious  music  is  heard ;  the  sounds  obtained  are  of  an  extra- 
ordinary purity  and  delicacy,  recalling  the  human  voice." 

The  inventor  has  prepared  a  large  and  beautiful  singing  lustre,  with 
a  dozen  or  fifteen  jets,  which  can  be  placed  in  the  richest  or  most 
comfortable  drawing-room.  This  lustre  may  be  used  at  concerts  or 
balls,  for  it  can  play  all  the  airs  in  dance  music.  It  will  be  worked 
by  electricity,  so  that  the  performer  who  plays  may  be  seated  in  a 
neighboring  room.  The  effect  will  be  perfectly  magical.  The  future 
has  other  surprises  for  us,  for  our  houses.  The  most  unexpected  ap- 
plications of  scientific  principles  are  daily  the  result  of  the  skillful 
efforts  of  learned  men. 

Without  reckoning  Professor  Tyndall,  who  is  so  well  known  and 
esteemed  on  the  Continent,  many  other  learned  men,  English,  German, 
Austrian,  (like  Schaffgotsch),  and  Frenchmen  have  already  studied 
singing  flames,  but  no  one  had  previously  thought  of  studying  the 
effects  produced  by  two  or  several  flames  brought  together,  till  M. 
Kastner,  who,  by  means  of  delicate  combinations  and  ingenious  mech- 
anism, has  produced  the  pyrophone. 

Frederic  Kastner,  the  inventor  of  the  pyrophone,  showed  from  his 
earliest  age  a  very  decided  taste  for  scientific  pursuits.  His  parents, 
whose  fine  fortune  permitted  them  to  satisfy  the  taste  of  their  son  for 
study,  gave  him  facilities  often  denied  to  genius.  They  frequently 
traveled;  the  first  thing  which  arrested  his  attention  was  a  railway; 
this  pleased  him  much;  he  had  a  passion  for  locomotives,  just  as  some 
children  have  for  horses.  He  was  only  three  years  old  when  he  ex- 
amined the  smallest  details  with  a  lively  feeling  of  curiosity.  Later 
on,  when  he  tried  to  reason  and  explain  his  impressions,  he  ovex'- 
whelmed  with  questions  those  who  surrounded  him,  wishing  to  learn 
the  mechanism  of  these  great  machines,  and  the  mysterious  force 
which  sets  them  at  work.  But  what  more  especially  charmed  him 
was,  when  the  train  stopped  at  the  station,  the  fiery  aspect  of  the 
jets  of  gas  emerging  suddenly  from  the  darkness.  At  this  sight  he 
shouted  with  delight;  such  was  his  enthusiasm  that  he  seemed  as  if 
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he  would  jump  out  of  the  arms  of  those  who  held  him,  in  order  to  rush 
towards  the  jets  of  flames,  which  exercised  upon  him  a  sort  of  fas- 
cination. 

Steam  and  gas,  in  their  modern  application  to  locomotion  and 
lighting,  Avere  the  first  scientific  marvels  which  struck  the  mihd  and 
the  sense  of  the  child.  He  studied  music  under  the  skillful  direction 
of  his  father.  From  the  age  of  fifteen  years,  in  studying  gas  par- 
ticularly, his  attention  was  directed  to  singing  flames.  The  mysteries 
of  electricity  were  also  at  this  time  the  object  of  his  study.  The 
researches  to  which  he  gave  himself  up  carried  him  on  to  invent  a 
novel  application  of  electricity  as  a  motive  force.  He  patented  this 
invention.  On  the  17th  March,  1873,  the  Baron  Larrey,  member  of 
the  Academy  of  Sciences  of  Paris,  presented  to  the  Institut  de  France 
young  Kastner's  first  memoir  on  singing  flames,  which  laid  down  the 
following  new  principle  : — 

''  If  two  flames  of  a  certain  size  be  introduced  into  a  tube  made  of 
glass,  and  if  they  be  so  disposed  that  they  reach  the  third  part  of 
the  tube's  height  (measured  from  the  base)  the  flames  will  vibrate  in 
unison.  This  phenomenon  continues  as  long  as  the  flames  remain 
apart;  but  as  soon  as  they  are  united  the  sound  ceases." 

Passing  on  to  his  experiments,  M.  Kastner  thus  gives  his  account: — 

"  I  took  a  glass  tube,  the  thickness  of  which  was  2J  millimeters ; 
this  tube  was  55  centimeters  long,  and  its  exterior  diameter  meas- 
ured 41  millimeters.  Two  separate  flames  of  hydrogen  gas  were 
placed  at  a  distance  of  183  millimeters  from  the  base  of  the  tube. 
These  flames,  while  separated,  gave  F  natural. 

"  As  soon  as  the  flames  are  brought  together,  which  is  done  by 
means  of  a  very  simple  mechanism,  the  sound  stops  altogether.  1\\ 
letting  the  flames  remain  apart,  their  position  is  altered  until  they 
reach  one-third  of  the  total  length  of  the  tube,  the  sound  will  dimin- 
ish gradually  ;  and  it  will  cease  completely  if  the  flames  go  beyond 
one-half  the  length  of  the  tube ;  under  this  (one-half  the  length  of 
the  tube)  the  sound  will  increase  until  the  flames  are  brought  to  one- 
fourth  of  the  tube's  total  length.  This  latter  point  being  reached, 
the  sound  will  not  cease  immediately,  even  if  the  two  flames  are 
placed  in  contact  one  with  the  other;  but  the  two  flames,  thus  united, 
continue  vibrating  in  the  same  manner  as  a  single  flame  would. 

"The  interference  of  the  singing  flames  can  only  be  obtained  un- 
der certain  conditions.  It  is  important  that  the  length  of  the  tubes 
should  be  varied  according  to  the  number  of  the  flames,  the  height  of 
which  has   only  a  limited  action  or  influence  over  the  phenomenon ; 
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but  the  special  shape  of  the  burners  is  a  matter  of  considerable  im- 
portance. 

"  These  experiments,  which  I  undertook  two  years  ago,  induced  me 
to  construct  a  musical  instrument,  possessing  quite  a  novel  sound, 
which  resembles  the  sound  of  the  human  voice.  This  instrument,  which 
I  term  the  Pyrophone,  is  formed  by  three  sets  of  keys  (claviers)  dis- 
posed in  a  similar  manner  to  that  employed  for  the  conjunction  of  the 
organ-key  tables ;  a  very  simple  mechanism  causes  every  key  of  the 
different  sets  to  communicate  with  the  supply  pipes  in  the  glass  tubes. 
As  soon  as  a  key  is  pressed  upon,  the  flames,  by  separating,  create  a 
sound  ;  but  when  the  keys  are  left  untouched,  the  flames  are  brought 
together  and  the  sound  stops." 

In  consequence  of  this  communication  a  Commission  from  the 
Academie  des  Sciences  de  Paris  was  selected  for  the  examination  of 
this  curious  invention,  consisting  of  Messrs.  Jamin,  Regnault,  and 
Bertrand,  three  distinguished  members  of  that  academy,  who  showed 
a  lively  interest  from  a  scientific  point  of  view  in  M.  Kastner's  dis- 
covery. After  fresh  experiments,  M.  Kastner  has  succeeded  in  sub- 
stituting the  ordinary  illuminating  gas  for  hydrogen  gas  in  working 
this  pyrophone,  and  his  friend,  the  Baron  Larrey,  was  again  the 
interpreter  to  I'Academie  des  Sciences  of  this  new  discovery,  which 
much  facilitates  the  employment  of  the  luminous  musical  instrument. 
M.  Kastner  thus  expresses  himself  in  his  new  report  presented  to  the 
Inatitut  de  France^  7th  December,  1 874  : — 

"  The  principal  objection  which  has  been  made  to  the  working  of 
the  pyrophone,  is  the  employment  of  hydrogen  gas.  From  a  practi- 
cal point  of  view,  this  gas  presents  several  inconveniences.  It  is  diffi- 
cult to  prepare;  it  necessitates  the  use  of  gas  holders,  whose  size  may 
be  considerable.  Besides,  there  is  some  danger  in  its  use.  I  have, 
therefore,  given  up  using  hydrogen  gas,  and  for  a  year  I  have  exper- 
imented on  tiie  means  of  applying  common  illuminating  gas  to  the 
pyrophone,  which  is  always  easy  to  procure.  In  the  first  experiments 
which  I  attempted  with  two  flames,  with  illuminating  gas,  in  a  glass 
tube,  I  was  unable  to  obtain  any  sound,  which  proved  unmistakably 
the  presence  of  carbon  in  the  flames.  Whilst  the  sound  was  pro- 
duced in  a  very  clear  manner  with  the  pure  hydrogen  gas,  that  is  to 
say,  without  there  being  any  solid  foreign  matter  in  the  flames,  it  was 
impossible  to  make  the  tube  with  illuminating  gas  vibrate,  when  plac- 
ing the  flames  in  an  identical  condition.  It  was  necessary,  then,  by 
some  means  or  another  to  eliminate  the  carbon,  a  result  at  which  I 
arrived  by  dint  of  the  following  method  : — 

"  When  the  flame  of  ordinary  gas  is  examined,  and  this  is  intro- 
duced into  a  tube  made  of  glass,  or  of  any  other  material  (metal, 
oilcloth,  cardboard,  etc.),  this  flame  is  either  illuminating  or  sounding. 
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"  When  this  flame  is  only  illuminating,  that  is  to  say,  when  the  air 
contained  in  the  tube  does  not  vibrate,  it  presents  a  lengthened  form, 
and  is  pointed  at  the  top.  Besides,  it  swells  towards  the  middle,  and 
flickers  on  the  least  current  of  air.  On  the  contrary,  when  the  flame 
is  sounding,  that  is  to  say,  when  the  necessary  vibrations  for  the  pro- 
duction of  sound  are  produced  in  the  tube,  its  form  is  narrow,  and 
large  at  the  top.  Whilst  the  air  of  the  tube  vibrates,  the  flame  is 
very  steady.  The  carbon  in  a  great  measure  is  eliminated  as  if  by 
some  mechanical  process. 

"  Sounding  flames  proceeding  from  lighting  gas  are  in  eff'ect  envel- 
oped in  a  photosphere  which  does  not  exist  when  the  flame  is  merely 
luminous.  In  the  latter  case  the  carbon  is  burnt  within  the  flame, 
and  contributes  in  a  great  degree  to  its  illuminating  power. 

"  But  when  the  flames  are  sounding,  the  photosphere  which  sur- 
rounds each  of  them  contains  an  exploding  mixture  of  hydrogen  and 
oxygen  which  determines  the  vibrations  in  the  air  of  the  tube. 

"  To  produce  the  sound  in  all  its  intensity,  it  is  necessary  and  suf- 
ficient that  the  whole  of  the  explosion  produced  by  the  particles  of 
oxygen  and  hydrogen  in  a  given  time,  should  be  in  agreement  with 
the  number  of  vibrations  which  correspond  to  the  sound  produced  by 
the  tube. 

"  To  put  these  two  quantities  in  harmony,  I  have  thought  of  in- 
creasing the  number  of  flames  so  as  to  increase  also  the  number  of 
the  explosions  from  the  mixture  of  oxygen  and  hydrogen  in  the  photo- 
spheres, and  thus  determine  the  vibration  of  the  air  of  the  tube. 
Instead  of  two  flames  of  pure  hydrogen,  I  put  four,  five,  six,  etc.,  jets 
of  lighting  gas  in  the  same  tube. 

"  I  have  besides  observed,  that  the  higher  a  flame  is,  the  more  car- 
bon it  contains. 

"I  have  then  immediately  been  obliged  to  diminish  the  height  of 
the  flames,  and  consequently  to  increase  the  number  so  that  the  united 
surface  of  all  the  photospheres  may  sufiice  to  produce  the  vibration 
of  the  air  in  the  tube. 

"  The  amount  of  carbon  contained  in  the  whole  of  the  small  flames 
will  always  be  much  less  than  the  quiintity  of  carbon  corresponding 
to  the  two  large  flames  necessary  to  produce  the  same  sound.  In  this 
manner  I  have  been  able  with  separated  flames  to  obtain  sounds  whose 
tones  are  as  clear  as  those  produced  by  hydrogen  gas.  When  these 
flames,  or  rather  when  the  photospheres  which  correspond  to  these 
flames,  are  put  in  contact,  the  sound  instantly  ceases.  The  carbon  of 
lighting  gas,  when  the  flames  are  sounding,  is  certainly  almost  en- 
tirely elinJinated — in  fact,  it  forms  upon  the  interior  surface  of  the 
sounding  tube  at  and  below  the  height  of  the  flames  a  very  visible 
deposit  of  carbon,  which  increases  whilst  the  air  of  the  tube  vibrates. 
I  can  now  affirm  that  the  Pyrophone  is  in  a  condition  to  act  as  well 
with  the  illuminating  gas  as  with  pure  hydrogen.     The  phenomenon 
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of  interference  is  produced  exactly  in  the  same  condition  with  the 
two  gases,  the  same  flames  occupy  the  same  position  in  the  tube,  that 
is  the  third  part  of  the  tube's  length  measured  from  the  base.  In 
addition  to  the  phenomenon  of  interference,  I  believe  I  shall  be  able 
to  describe  a  novel  process  by  aid  of  which  the  sound  produced  by 
burning  flames  in  a  tube  can  be  made  to  cease. 

"  Supposing  that  one  or  several  flames,  placed  in  a  tube  a  third  of 
its  height  (measured  from  its  base),  determine  the  vibration  of  the  air 
contained  in  this  tube;  if  a  hole  is  pierced  at  the  one-third  of  the 
tube,  counted  from  the  upper  end,  the  sound  ceases.  This  observation 
might  be  applied  to  the  construction  of  a  musical  instrument,  which 
will  be  a  species  of  flute,  working  by  singing  flames.  Such  an  in- 
strument, from  a  musical  point  of  view,  will  be  very  imperfect,  because 
the  sound  will  not  be  so  promptly  or  sharply  stopped,  as  when  the 
phenomenon  of  interference  is  employed.  If,  instead  of  making  the 
hole  at  the  third,  it  is  made  at  the  sixth,  the  sound  will  notecase,  but 
it  will  produce  the  sharp  of  the  same  note.  In  all  these  experiments 
I  clearly  detected  the  formation  of  ozone  while  flames  cause  the  air 
in  the  tube  to  vibrate.  The  presence  of  this  body  can,  moreover,  be 
ascertained  by  chemical  re-agents  scientifically  known." — Given  be- 
fore the  Academie  des  Sciences,  7th  December,  1874. 

Professor  Tyndall,  at  a  lecture  on  13th  January,  at  the  Royal  In- 
stitution, showed  experiments  according  to  the  new  principle,  with 
an  apparatus  of  nine  flames,  which  worked  during  the  evening  in  tubes 
of  different  sizes. 


Hygroscopic  Paper. — Percy  Smith  has  made  a  series  of  inter- 
esting researches  upon  the  hygroscopic  properties  of  a  bibulous  paper 
impregnated  with  concentrated  solution  of  cobalt  chloride.  This 
paper  is  very  sensitive  to  atmospheric  variations,  being  blue  in  a  dry 
atmosphere  and  becoming  red  when  the  air  becomes  humid.  He 
suspended  strips  of  this  paper  upon  the  wall  of  a  room  opposite  a 
window  opening  to  the  south.  The  window  remained  open  dur- 
ing the  day.  By  the  side  of  the  strips  were  two  thermometers, 
with  wet  and  dry  bulbs.  Four  observations  a  day  were  made,  and 
these  were  continued  for  a  year.  The  principal  results  obtained 
are  given  in  the  annexed  table,  in  which  the  variations  of  color 
from  red  to  blue  are  designated  by  the  numbers  1  to  10.  It 
will  be  seen  that  when  there  was  a  diiference  of  13°  between 
the    two    thermometers,     the    paper    remained    entirely    blue,    and 
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that  it  became  red  only  when  this  diflFerence  fell  to  between  1  and  3  de- 
grees. This  fact  is  easily  explained  when  we  remember  that  the 
paper  once  turning  blue  cannot  take  a  darker  tint  by  any  farther 
diminution  of  humidity  in  the  surrounding  air. 


Dates  of  the  Observations. 

Dry  Bulb 
Thermometer. 

Wet  Bulb 
Thermometer. 

Didercnce. 

o 

a 
2.  t^ 

j;  =* 
o  a, 

o 

O 

Remarks. 

fist  observation. 

72 

60 

12 

9 

1 

1 

JiUy  8th,   \  2d 

74 

61 

13 

10 

J-  Very  warm  day. 

t3d 

70 

59 

11 

8-5 

J 

fist 
1 
July  10th,  {  2d 

1 
I  3d 

74-5 

77 
79 

65 
67 
67 

9-5 
10 
12 

8 
7 
9 

1  Day  warmer   than 
\   the  8th,  blue  color 
1    less  inten.se. 
J 

fist 
Sept.  30th,  ^ 

i2d 

62 
64 

56 
61 

6 
3 

3 
1 

y  Barometer  at  rain. 

fist 
Oct.   1st,  \ 

i2d 

62 

63 

58 
59 

4 
4 

0-5 

1 

"j  Rain    during     the 
>   niglit.       Barome- 
j    ter  ri.sing. 

fist 
Oct.   2d,  \ 

i2d 

'J 

59 

58 

55 
53 

4 
5 

0-5 
1 

Barom.  falling, 
Barom.  stationary. 
Cleared  off. 

fist 
Oct.    23d,  \ 

(2d 

52 
55 

48 
54 

4 
1 

1 
0 

North  wind, 
"West  wind. 

December  3d, 

13 

10 

3 

2 

Heavy  frost. 

From  these  results,  it  appears  that  the  absolute  temperature  of  the 
atmosphere  has  no  relation  whatever  to  the  actual  color  of  the  paper; 
the  variations  of  tint  being  precisely  the  same  for  the  same  differ- 
ences between  the  thermometer  readings,  whatever  the  actual  tem- 
perature at  the  time  of  observation.  Paper  impregnated  with  cobalt 
chloride  solution,  may  therefore  be  employed  to  indicate  readily,  and 
precisely  the  hygrometric  state  of  the  air,  and  thus  to  control  in  a 
very  effective  way  the  hygrometers  usually  employed. 
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EDITORIAL. 

ITEMS  AND  NOVELTIES. 

Useful  Effect  of  the  Human  Machine  as  Compared  with 
that  of  Fire-arms. — It  is  well  known  that  the  useful  effect  of  steam 
engines  varies  between  three  and  ten  per  cent,  of  the  total  available 
work  calculable  from  the  transformation  of  the  heat  of  the  fuel  into 
motion.  It  is  also  well  known  that  the  work  done  by  men  and  by  animals 
is  the  result  of  the  combustion  of  the  food  which  they  eat;  and  that, 
further,  it  is  to  the  same  transformation  of  heat  into  motion,  that  fire- 
arms owe  their  eflBciency.  But  the  actual  useful  effect  of  the  two  latter 
transformations  is  not  as  well  known.  The  following  details  upon  this 
subject,  therefore,  taken  from  a  paper  by  M.  de  Saint-Robert,  recently 
published  in  the  Revue  Scientifique,  are  not  without  interest. 

When  the  human  body  is  at  rest,  the  only  efl'ect  of  the  chemical 
actions  going  on  within  it,  is  simply  to  produce  the  heat  necessary  to 
maintain  its  temperature  constant  at  37°  C  (98°  F.)  But  if  it  is  in 
motion,  only  a  portion  of  the  chemical  action  is  transformed  into  heat, 
the  rest  appearing  as  mechanical  work.  As  in  all  machines  moved 
by  heat,  so  here  ;  if  we  divide  the  work  done  by  the  number  of  units 
of  heat  (calories)  expended,  we  shall  obtain  the  medianical  equivalent 
of  heat,  which  is  425  kilogrammeters  (772  foot-pounds.) 
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In  order  to  obtain  the  heat  thus  expended,  it  would  be  necessary : 
1st,  to  calculate  the  heat  which  would  be  obtained  by  burning  all  the 
food  taken  into  the  body  as  well  as  by  burning  the  body  itself;  2d, 
to  calculate  the  heat  lost  externally,  during  the  whole  of  life,  to- 
gether with  that  which  would  be  evolved  by  the  combustion  of  all 
matters  eliminated  from  the  body  during  the  same  time,  and  by  the 
combustion  of  the  body  immediately  after  its  birth ;  and  3d,  to  sub- 
tract the  second  of  these  values  from  the  first. 

We  have  just  seen  that  the  useful  efi'ect  of  a  steam  engine  does 
not  exceed  on  an  average,  seven  per  cent.  Let  us  now  see  what  is 
the  actual  useful  eJBTect  of  the  human  machine  used  as  a  source  of  power. 
The  greatest  amount  of  work  which  a  man  can  do,  as  is  well  known, 
is  that  which  he  does  in  raising  his  own  body  in  walking  up  a  gentle 
slope.  The  measure  of  the  work  thus  done  is  of  course  the  product 
of  the  weight  of  his  body  by  the  height  to  which  it  is  raised.  The 
work  thus  actually  stored  up,  may  be  utilized  by  employing  the  de- 
scent of  the  man  to  raise  a  weight  equal  to  his  own  to  the  height 
from  which  he  came.  Now  actual  experiment  has  proved  that,  work- 
ing in  this  way,  a  man  can  perform  without  over  fatigue,  a  work  of  280,000 
kilogrammeters  (2,000,000  foot-pounds.)  On  the  other  hand,  the 
daily  food  of  a  working  man  is,  on  an  average,  according  to  the  cal- 
culations of  Moleschott:* 

Albuminoid  substances,     . 

Adipose  substances, 

Adipogenic,    or   fat-forming    substances, 
(starch,  dextrin,  sugar). 

Inorganic  salts,         .... 

Water, 

3448  grams. 
The  combustion  of  these  substances  would  give  :t 

Albuminoid  substances,     .         .  .         650  calories. 

Adipose  "  ...         762      " 

Adipogenic        "  ...       1471      "       % 

2883  calories. 

*  Physiologie  der  N^akrungsmittel,  2d  Ed.,  p.  228. 

f  Ranke,  Phydologit,  p.  793. 

X  Calculated  on  the  supposition  that  the  adipogenic  substances  are  reduced  to  their 
equivalent  in  starch.  Hence,  by  reason  of  the  carbon  they  contain,  they  are  equiva- 
lent to  449  grams  of  sugar 
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The  mechanical  labor  equivalent  to  these  2883  calories  is  repre- 
sented by  1,225,275  kilogrammeters,  (8,880,000  foot-pounds.)  Di- 
viding now  the  daily  work  done  by  the  work  theoretically  possible 
calculated  from  the  food  taken,  we  obtain  for  the  eflSciency  of  the 
human  machine  0  229  ;  or  about  23  per  cent.  This  result  accords 
very  closely  with  that  which  Helmholtz  has  given.  This  eminent 
physicist  estimated  the  external  work  of  a  man  to  be  one-fifth  of  the 
available  mechanical  power  contained  in  his  food.  The  human 
machine  then  is  greatly  superior,  so  far  as  effectiveness  is  concerned, 
to  the  steam  engine.  But  it  is  very  much  more  costly.  Indeed,  ao- 
cording  to  the  estimate  of  the  work  of  a  man  given  above,  it  would 
be  necessary  to  have  eight  men  to  obtain  one  horse  power.  Now  es- 
timating the  cost  of  coal  at  ten  dollars  a  ton,  and  the  wages  of  a 
man  at  forty  cents,  the  expense  of  this  amount  of  power  for  each  day 
of  eight  hours,  would  be  about  ten  cents  for  the  steam  engine,  and 
three  dollars  and  twenty  cents  for  the  eight  men. 

Fire-arms,  too,  belong  to  the  great  class  of  thermic  machines. 
They  are  employed  for  the  purpose  of  transforming  into  motion  a 
portion  of  the  heat  produced  by  the  combustion  of  the  powder.  The 
gases  which  are  evolved  during  the  combustion  of  the  charge  drive 
the  projectile  and  the  gun  in  opposite  directions,  impressing  upon 
them  opposite  velocities.  At  the  same  time,  a  certain  quantity  of 
heat  disappears,  being  transformed  into  work.  The  total  work  ac- 
complished by  the  powder  is  equal  to  the  product  of  the  weight  of  the 
projectile  by  the  height  to  which  it  would  rise  if  projected  vertically 
in  a  vacuum,  plus  the  product  of  the  weight  of  the  gun,  by  the  height 
due  to  its  velocity.  This  latter  product,  however,  being  ordinarily 
very  small  in  relation  to  the  former  one,  may  be  neglected.  We  may 
measure,  therefore,  with  sufficient  accuracy,  the  effect  of  the  powder 
by  the  work  done  on  the  projectile.  Hence  it  is  obvious  that  the  use- 
ful effect  of  a  fire-arm  is  measured  by  the  ratio  between  the  work 
actually  done,  and  that  which  is  the  equivalent  of  the  quantity  of 
heat  set  free  by  the  combustion  of  th£  charge. 

Taking,  for  example,  a  rifled  cannon,  the  diameter  of  the  bore  of 
which  is  75  centimeters,  (3  inches),  the  shell  of  which  weighs  about 
3*7  kilograms,  (8-3  pounds),  and  the  firing  charge  of  which  is  0-55 
kilogram,  (1^  pounds),  it  is  easy  to  calculate  its  effectiveness.  Ex- 
periment has  shown  that  the  velocity  of  the  shell  when  it  leaves  the 
mouth  of  the  cannon   is   about   400   meters   (1300   feet)  per  second. 
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The  height  from  which  this  projectile  would  have  to  fall  to  acquire 
this  velocity,  is  8158  meters  (26,800  feet).  Consequently  the  work 
actually  done  by  the  powder  is  equal  to  30,185  kilogrammeters 
(219,000  foot-pounds). 

On  the  other  hand,  Bunsen  and  Schischkoff  have  found  by  direct 
experiment,  that  the  heat  evolved  by  the  combustion  of  a  kilogram 
of  gunpowder  is  equal  to  619'5  calories.  Hence  the  heat  evolved  by 
the  above  charge  of  0'55  kilogram  is  equal  to  340-7  calories.  The 
mechanical  work  corresponding  to  this  amount  of  heat  is  144,798 
kilogrammeters  (1,050,000  foot-pounds).  Comparing  this,  which  is 
the  possible  mechanicakwork,  with  the  actual  work  done  on  the  pro- 
jectile as  given  above,  the  ratio  is  0*208  for  the  effectiveness  of  the 
cannon  ;   that  is  to  say,  about  21  per  cent. 

Velocity  ot  Magnetization  and  Demagnetization  of 
Wrought  Iron,  Cast  Iron,  and  Steel. — The  question  of  the  rap- 
idity with  which  iron  acquires  and  loses  its  magnetism  is  an  exceed- 
ingly important  o'ne  in  all  cases  where  electro-magnets  are  employed 
in  rapid  transmission  or  in  time  determinations.  We  find  in  the 
Revue  Industrielle,  the  following  note  upon  this  subject,  communicated 
to  that  journal  by  M.  Deprez  : — 

"  In  the  course  of  my  researches  upon  electro-magnets  and  their 
application  to  the  registering  of  very  rapid  phenomena,  researches, 
the  first  results  of  which  were  communicated  to  the  Academy  of 
Sciences,  I  have  been  led  to  investigate  the  question  of  the  influence 
of  the  iron  itself  upon  the  duration  of  the  magnetization  and  de- 
magnetization. For  this  purpose,  I  have  used  a  registering  apparatus, 
in  which  the  pieces  of  iron  constituting  the  electro-magnet  are  re- 
movable, while  all  the  other  parts,  the  coils,  armature,  style,  etc., 
remain  the  same ;  so  that  the  only  change  in  the  results  obtained 
must  be  due  to  the  influence  of  the  metal  which  forms  the  electro- 
magnet. In  order  to  measure  the  time  of  the  magnetization  and  de- 
magnetization, I  have  employed  the  electric  chronograph,  which  was 
described  in  my  earlier  communication.  The  metallic  portion  of  the 
electro-mngnets,  which  I  place  successively  within  the  magnetizing 
helices,  consists  of  two  cores,  two  millimeters  in  diameter  and  thirteen 
millimeters  long.  The  coils  through  which  the  current  passes,  contain 
14  meters  of  wire,  one-fifth  of  a  millimeter  in  diameter.  The  battery 
used  was  a   single   Bunsen   element,    as  modified  by   M.   Dulaurier. 
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Finally,  the  varieties  of  iron  examined  were  the  ordinary  wrought 
iron  of  commerce,  a  specially  soft  telegraphic  iron,  malleable  cast 
iron,  gray  cast  iron,  and  cast  steel  drawn  into  bars  and  tempered. 

The  results  which  have  been  obtained  in  this  investigation  were  en- 
tirely unexpected.  They  prove  that  the  soft  iron,  the  ordinary  wrought 
iron,  the  malleable  cast  iron,  and  even  the  tempered  steel  require  very 
nearly  the  same  period  of  time  for  their  magnetization  and  demag- 
netization ;   namely, 

For  the  demagnetization, 0'00025  second. 

For  the  magnetization,  (approximate),     .     0-00150      " 

The  gray  cast  iron  gave  the  best  result  of  all,  the  time  required 
for  its  magnetization,  being  only  about  one-thousandth  of  a  second. 
This  metal,  therefore,  is  altogether  the  best  to  be  used  when  the  ob- 
ject is  to  attain  the  greatest  possible  rapidity  in  the  transmission  of 
signals. 

In  general,  then,  these  facts  prove  that  with  the  registering  appar- 
atus actually  employed,  perfectly  distinct  si^rnals  can  be  obtained  at 
intervals  of  one  three-hundred-and-fiftieth  of  a  second,  whatever  the 
kind  of  iron  used  in  the  electro-magnets  ;  and  that  if  the  cores  of  the 
magnet  are  made  of  gray  cast  iron,  the  interval  between  successive 
signals  may  be  reduced  to  one  five-hundredth  of  a  second.  It  is  ne- 
cessary to  say,  however,  that  I  do  not  refer  to  signals  succeeding  each 
other  regularly  at  intervals  of  l-350tli  or  l-500th  of  a  second;  in  this 
case  the  number  of  signals  which  could  be  transmitted  would  consid- 
erably exceed  350  to  500  per  second. 

I  am  inclined  to  believe  that  this  superiority  of  cast  iron  depends 
upon  its  molecular  structure  and  has  no  relation  to  the  quantitv  of 
carbon  which  it  contains.  Hence  I  purpose  examining  wrought  iron 
which  has  been  cast  and  not  hammered,  and  which,  I  am  confident, 
will  surpass  in  the  rapidity  of  its  action  all  the  irons  which  I  have 
hitherto  examined.  It  is  my  intention  to  give  before  long  some  de 
tails  of  my  experiments  on  this  subject,  and  some  facts  concerning 
the  application  of  my  registering  apparatus  as  an  electric  chrono- 
graph for  artillery  purposes. 

It  is  important  to  observe  that  the  absolute  time  required  for  mag- 
netization and  demagnetization  which  is  given  above,  does  not  include 
the  time  occupied  by  the  style  in  making  its  record.  It  is  by  adding 
this  time  to  that  required  for  the  magnet  to  act  that  the  values 
l-350th  and  l-500th  of  a  second  arc  obtained.     This  therefore  repre- 
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sents  the  total  duration  of  a  signal,  and  includes  the  demagnetization, 
the  time  of  fall  of  the  style,  the  magnetization  and  finally  the  return 
of  the  style  to  its  primitive  position.  Moreover  these  numbers  are 
correct  only  when  but  a  single  cell  of  the  battery  is  employed,  the 
number  of  signals  transmitted  per  second,  increasing  with  the  intensity 
of  the  current." 

Magnetization  of  the  Rails  on  Railways.— M.  Herzog,  en- 
gineer-in-chief of  the  Hungarian  railways,  after  a  series  of  experi- 
ments on  the  magnetization  of  rails,  gives  the  following  as  his  con- 
clusions : 

1.  The  rails  which  are  taken  up  and  replaced  after  several  years  of 
service,  do  not  by  any  means  deserve  to  be  called  powerful  magnets, 
since  a  steel  rail  about  40  square  centimeters,  (6-16  square  inches)  in 
cross  section,  manifests  immediately  upon  its  removal,  a  magnetic 
force  scarcely  equal  to  that  of  a  saturated  steel  plate  half  a  square 
centimeter  in  section.  It  is  to  be  observed,  however,  that  steel  rails 
possess  a  much  higher  magnetic  power  than  rails  of  ordinary  iron. 

2.  Rails  in  place  are  also  magnetic,  and  this  whether  the  fish-plates 
are  removed  or  not,  provided  there  is  between  them  the  space  usually 
allowed  for  expansion  in  all  well-constructed  lines. 

3.  Rails  removed  from  the  roadbed  and  piled  up  show  traces  of 
magnetism  even  after  many  months.  This  persistance  of  the  efi'ect  is 
more  pronounced  in  Bessemer  rails  than  in  those  of  ordinary  iron. 

4.  A  rail  thrown  out  of  use  in  consequence  of  fracture,  shows  on 
the  two  surfaces  of  separation  opposite  polarities.  This  is  precisely 
the  same  fact  which  is  observed  when  a  magnetized  bar  is  fractured ; 
there  are  as  many  magnets  as  there  are  pieces. 

5.  Entirely  new  rails,  which  have  never  been  in  actual  service,  ac- 
quire feeble  magnetic  properties  when  they  are  arranged  in  piles  and 
placed  parallel  to  the  magnetic  meridian.  This  remark  applies  more 
particularly  to  steel  rails,  which,  under  the  influence  of  a  few  blows 
with  the  hammer,  are  converted  into  permanent  magnets. 

This  last  observation  leads  M.  Herzog  to  the  conclusion  that  all 
these  phenomena  are  attributable  to  terrestrial  magnetism,  and  are 
only  a  confirmation  of  the  following  theoretical  principles : 

a.  A  bar  of  iron  placed  in  the  direction  of  the  dipping  needle,  be- 
comes a  magnet  under  the  influence  of  terrestrial  magnetism.  The 
same  is  true  for  any  bar  of  iron  placed  in  the  magnetic  meridian ;  its 
magnetic  intensity  diminishes  in  proportion,  as  the  angle  between  the 
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two  increases.  This  fact  is  verv  noticeable  with  rails  laid  on  a 
curve  ;  the  more  they  vary  from  a  north  and  south  direction,  the 
less  intense  is  the  magnetism  at  their  ends. 

h,  A  bar  of  iron  exposed  for  a  long  time  to  the  influence  of  terres- 
trial magnetism,  becomes  a  permanent  magnet. 

e.  For  steel  rails,  the  effect  is  more  prompt,  and  more  intense  than 
for  iron  ones.  Under  the  action  of  the  hammer,  they  become  per- 
manent magnets.  This  latter  effect  is  produced  daily  upon  rails  in 
use,  since  they  are  submitted  at  the  same  time  to  the  combined  influ- 
ence of  terrestrial  magnetism  and  the  jars  produced  by  the  passage  of 
trains. 

A  Locomotive  on  Feet. — The  well-known  French  engineer,  M. 
Tresca,  has  recently  called  the  attention  of  the  Academy  of  Sciences 
to  a  very  curious  experimental  locomotive  now  on  trial  on  the  Eastern 
Railway.  A  small  model,  worked  with  compressed  air,  is  on  exhibi- 
tion in  Paris.  This  locomotive  has  no  wheels,  but  in  place  thereof  it 
has  legs.  It  does  not  roll  then  on  the  rails,  but  it  walks,  runs  and 
gallops.  Suppose  an  ordinary  locomotive  with  straight  shafts,  ter- 
minated by  large  circular  feet.  Three  of  its  legs  are  in  front  and 
three  behind.  The  motor  cylinders,  in  place  of  revolving  the  wheels, 
cause  these  large  treadles  to  rise  and  fall.  The  treadles  placed  on 
the  side  are  brought  special  action  when  the  machine  trots,  those  in 
the  middle  when  it  gallops.  The  whole  treadle  system  acts  like  a 
horse  with  three  legs,  having  a  gait  resemblinfj  an  arable  and  a  trot 
at  the  same  time.  Kothing  can  be  more  surprising  to  look  at.  It 
■would  almost  seem  as  if  there  actually  was  an  animal  concealed  in 
the  machine,  whose  legs  only  were  visible  and  sustained  the  whole. 
The  object  of  this  novel  arrangement  is  said  to  be  to  reduce  the  dead 
weight  of  the  locomotive  itself,  and  to  increase  its  adherence.  With 
this  machine  on  feet,  a  grade  of  one  in  ten  may  be  ascended  very 
readily.  The  locomotive  being  experimented  with  on  the  Eastern 
Railway  of  France  weighs  ten  tons,  and  runs  at  a  speed  ordinarily  of 
7  to  8  kilometers  (4  to  5  miles)  an  hour,  though  it  can  run  as  high  aa 
20  kilometers  (12-5  miles).  This  construction  of  a  locomotive  is  ob- 
viously only  applicable  under  very  special  circumstances.  Mountain 
railways,  special  local  railways,  and  common  roads,  are  of  course 
best  adapted  to  it.  It  is  the  invention  of  a  well-known  constructor, 
M.  Fortin  Hermann. 


384  Editorial 

Centennial  Exhibition. — We  present  with  this  issue  of  the 
Journal  illustrations  of  the  Machinery  Hall,  showing  a  perspective  of 
the  complete  building,  with  the  ground  plan  and  two  sections  of  the 
frame-work,  one  across  the  main  building  looking  towards  the  tran- 
sept, showing  half  the  width,  and  the  other  through  the  annex,  show- 
ing the  water  tank.  By  reference  to  the  situation  plan  in  th^  April 
number  and  the  bird's  eye  view  of  the  Buildings  and  Grounds  in  the 
last  number  it  will  be  seen  that  this  structure  is  located  west  of  the 
intersection  of  Belmont  and  Elm  Avenues ;  the  distance  from  the 
west  front  of  the  Main  Exhibition  Building,  being  542  feet  from  the 
north  side  of  Elm  Avenue,  274  feet.  The  north  front  of  the  Build- 
ing will  be  upon  the  same  line  as  that  of  the  Main  Exhibition  Build- 
ing, thus  presenting  a  frontage  of  3,824  feet  from  the  east  to  the 
west  ends  of  the  Exhibition  Buildings  upon  the  principal  avenue 
within  the  grounds. 

The  Building  consists  of  the  Main  Hall,  360  feet  wide  by  1,402 
feet  long,  and  an  annex  on  the  south  side  of  208  feet  by  210  feet. 
The  entire  area  covered  by  the  Main  Hall  and  annex  is  558,440 
square  feet,  or  12*82  acres.  Including  the  upper  floors  the  building 
provides  14  acres  of  floor  space. 

The  principal  portion  is  one  story  in  height,  showing  the  main  cor- 
nice upon  the  outside  at  40  feet  from  the  ground,  the  interior  height 
to  the  top  of  the  ventilators  in  the  avenues  being  70  feet,  and  in  the 
aisles  40  feet.  To  break  the  long  lines  upon  the  exterior,  projections 
have  been  introduced  upon  the  four  sides,  and  the  main  entrances 
finished  with  facades,  extending  to  78  feet  in  height.  The  east  en- 
trance will  form  the  principal  approach  from  street-cars,  from  the 
Main  Exhibition  Building,  and  from  the  railroad  depot.  Along  the 
south  side  will  be  placed  the  boiler  houses  and  such  other  buildings 
for  special  kinds  of  machinery  as  may  be  required.  The  west 
entrance  affords  the  most  direct  communication  with  Georfje's  Hill, 
which  point  affords  the  best  view  of  the  entire  Exhibition  grounds. 

The  arrangement  of  the  ground  plan  shows  two  main  avenues  90 
feet  wide  by  1,360  feet  long,  with  a  central  aisle  between  and  an 
aisle  on  either  side.  Each  aisle  is  60  feet  in  width  ;  the  two  avenue?* 
and  thre£  aisles  making  the  total  width  of  360  feet.  At  the  centre 
of  the  building  is  a  transept  of  90  feet  in  width,  which  at  the  south 
end  is  prolonged  beyond  the  Main  Hall.  This  transept,  beginning  at 
36  feet  from  the  INIain  Hall  and  extending  208  feet,  is  flanked  on 
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either  side  by  aisles  of  60  feet  in  -width,  and  forms  the  annex  for  hy- 
draulic machines.  The  promenades  in  the  avenues  are  15  feet  in 
^vidth  ;  in  the  transept  25  feet,  and  in  the  aisles  10  feet.  All  other 
walks  extending  across  the  building  are  10  feet  in  width,  and  lead  at 
either  end  to  exit  doors. 

The  foundations  consist  of  piers  of  niasonry.  The  superstructure 
consists  of  solid  timber  columns  supporting  roof  trusses,  constructed 
with  straight  wooden  principals  and  wrought  iron  ties  and  struts.  As 
a  general  rule  the  columns  are  placed  lengthwise  of  the  building  at 
the  uniform  distance  apart  of  16  feet.  The  columns  are  40  feet  high 
to  the  heel  block  of  the  90  feet  span  roof  trusses  over  the  avenues, 
and  they  support  the  heel  of  the  oO  feet  spans  over  the  aisles,  at  the 
height  of  20  feet.  The  outer  walls  are  built  of  masonry  to  a  height 
of  5  feet,  and  above  that  are  composed  of  glazed  sash  placed  between 
the  columns.  Portions  of  the  sash  are  movable  for  ventilation. 
Louvre  ventilators  are  introduced  in  continuous  lengths  over  both  the 
avenues  and  the  aisles.  The  building  is  lit  entirely  by  side  light,  and 
stands  lengthwise  nearly  east  and  west. 

The  facilities  for  the  most  complete  system  of  shafting,  are  very 
superior.  Eight  main  lines  may  be  introduced,  extending  almost  tlie 
entire  length  of  the  structure,  and  counter-shafts  introduced  into 
the  aisles  at  any  point.  The  hangers  will  be  attached  either  to  the 
wooden  horizontal  ties  of  the  60  feet  span  roof  trusses,  or  to  brack- 
ets especially  designed  for  the  purpose,  projecting  from  the  columns, 
in  either  case  at  the  height  of  20  feet  from  the  floor. 

The  annex  for  hydraulic  machines  contains  a  tank  60  feet  by  160 
feet,  depth  of  water  of  10  feet.  In  connection  with  this  it  is  expected 
that  hydraulic  machinery  will  be  exhibited  in  full  operation.  At  the 
south  end  of  this  tank  will  be  a  waterfall  35  feet  high  by  40  feet 
wide,  supplied  from  the  tank  by  the  pumps  upon  exhibition. 

On  either  side  of  this  tank  will  be  deep  trenches  connected  with  it, 
from  wiiich  the  pumps  may  take  their  supply  of  water,  by  means  of 
pipes  pas>ing  directly  down  through  the  floor. 

Discharge  pipes  leading  to  the  waterfall  will  also  be  placed  under 
the  floor,  so  that  the  pumps  may  make  easy  connection  with  them  ; 
but  tho^c  pumps  nearest  the  tank  may  have  pipes  overhead  discharg- 
ing directly  in  the  tank,  if  desired. 

A  contract  has  been  entered  into  with  Mr.  Geo.  11.  Corliss,  of  Provi- 
dence, R.  I.,  to  furnish  the  steam  power  for  the  Main  Hall.     The  engines 
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will  be  placed  at  the  intersection  of  the  transept  with  the  south  avenue, 
and  will  be  of  the  following  general  description  :  One  pair  of  beam 
engines,  with  cylinders  of  4G  inches  diameter,  10  feet  stroke, 
making  35  revolutions  per  minute  and  capable  of  being  worked  up  to 
2000  horse-power,  if  required. 

The  main  shaft  of  these  engines  will  run  north  and  south,  and  the 
principal  lines  of  shafting  running  east  and  west  will  be  driven 
from  it  by  bevel  gear  wheels. 

The  steam  will  be  furnished  from  20  upright  Corliss  boilers,  placed 
in  a  house  at  the  east  side  of  the  annex. 

Another  engine  will  probably  be  located  in  the  annex  to  drive  such 
hydraulic  machines  as  require  belt  power. 

The  water  wheels  will  be  located  at  the  south  end  of  the  annex,  in 
the  immediate  vicinity  of  the  waterfall,  from  the  head  of  which  they 
will  take  their  supply  of  water. 

The  progress  on  this  as  on  the  Main  Building,  Art  Building  and 
Horticultural  Hall  for  the  month  is  very  encouraging.  K. 

The  Shapley  Portable  Steam  Engine.— One  of  these  engines 
of  five  horse-power  was  loaned  by  Messrs.  Henry  Snyder  k,  Co.,  and 
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used  at  the  meeting  of  the  Institute  in  June  to  drive  the  Gramme 
Magneto-Electric  Machine.  A  similar  one  of  eight  horse-power  was 
placed  in  competition  at  the  late  Exhibition,  and  was  the  only  one  of 
this  class  that  was  submitted  to  a  thorough  test,  and  the  extract  from 
the  Report  of  the  Judges,  given  below,  shows  its  performance,  which 
is  worthy  of  attention. 

The  principal  peculiarity  is  in  the  boiler,  the  construction  of  which 
is  shown  in  the  accompanying  cut. 

The  engine  is  of  the  plain  three  port  slide  valve  pattern,  and  stands 
upright  on  the  base  plate  which  supports  the  boiler.  The  exhaust 
steam  passes  through  the  feed-water  heater  on  its  way  to  the  chimney. 
The  whole  is  mounted  on  small  wheels. 

The  following  is  taken  from  the  Report  of  the  Judges: 
Total  area  of  heating  surface  in  square  feet,          .          .         .     69*5 
Area  of  grate  surface  u        4<          u       ^         _         ^  Z14: 

Steam  (pressure)  per  square  inch,  in  pounds,         .         .         .67 
Temperature  of  feed-water,     ......         177° 

Diameter  of  cylinder,  .  .         .  .         .         .         .         6  in. 

Stroke  of  piston,  .......  10  '' 

Indicated  horse-power,       .......       ll'3o 

Ilorse-power  by  Dynamometer,        .....  10-40 

Percentage  of  loss  by  friction,  .....  '09 

K. 
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The  Chemistry  of  Light  and  PHoioaiiAPnY.  By  Dr.  Hermann 
VoGEL,  Profensor  in  the  Royal  Industrial  Academy  of  Berlin.  Inter- 
national Scientific  Series,  Vol  xiv.  Small  8vo.,  pp.  xii,  288.  New 
York,  1875:  D.  Appleton  &  Co.  In  more  than  one  respect  this  book 
is  a  stain  upon  the  excellent  International  Scientific  Series,  now  in 
course  of  publication.  So  far  as  the  labor  of  the  distinguished 
author  himself  is  concerned,  the  book  is  in  every  way  worthy 
of  the  position  it  occupies  in  the  Series.  It  is  clearly  and  lucidly 
written  ;  the  subject  it  attempts  to  treat  is  well  embraced  within 
its  pages ;  and  the  matter    is    so    well  digested,    and    at    the    same 


388  EdUorial. 

time  so  comprehensive,  that  not  only  -will  the  general  public, 
for  whose  instruction  the  Series  was  primarily  designed,  be  profited 
by  an  examination  of  the  book,  but  also  the  professional  pho- 
tographer cannot  fail  to  be  well  repaid  for  an  attentive  perusal  of  its 
pages.  Moreover,  the  work  of  the  publisher,  so  far  as  the  general 
make-up  of  the  book  is  concerned,  is  well  done,  and  in  keeping  with 
the  other  volumes  of  the  Series.  But  the  work  of  the  translator  is 
simply  execrable.  The  rendering  of  the  German  words  into  English 
is  in  numberless  cases  incorrectly  and  carelessly  done ;  the  chemical 
and  technical  words  are,  in  general,  wrongly  translated,  and  in  some 
cases,  so  distorted  that  even  a  chemist  would  not  recognize  what  was 
meant ;  in  some  places  the  author  is  made  to  say  directly  the  reverse 
of  what  he  intended  to  say ;  and  in  several  instances  the  translator 
has  not  only  failed  to  give  us  the  author's  meaning,  but  he  has  not 
even  made  good  sense,  much  less  good  English,  of  what  he  has  given 
us.  In  short,  the  translation  is  evidently  job-work,  cheaply  done,  and 
without  the  supervising  eye  of  any  competent  person.  And  if  the 
American  publishers  of  the  International  Scientific  Series  intend 
to  give  us  such  translations  as  this  for  the  remaining  numbers  of  the 
Series,  which  are  announced  to  appear  from  foreign  authors,  we  can 
assure  them  that  they  will  find  it  difiicult  to  maintain  the  high  char- 
acter of  the  enterprise,  which  they  have  thus  far  so  well  carried  out. 
But  that  what  we  have  written  may  not  appear  to  be  all  assertion,  we 
will  cite  a  few  examples  of  the  errors  of  translation  referred  to  above. 
On  page  19  the  translator  says  : 

"  By  employing  Iodide  of  Bromium,  and  Voigtlander's  lens,  the 
process  of  exposure  was  made  a  matter  of  seconds." 

Iodide  of  Bromium  not  being  a  common  chemical,  and  not  being 
mentioned  in  the  chemical  dictionaries,  it  became  necessary  to  refer 
to  the  author's  own  words,  to  see  whether  he  had  really  made  use  of 
such  a  term.  By  consulting  a  German  copy  of  the  book  we  find  that 
the  author,  in  his  historical  sketch  of  Photography,  was  saying  that 
at  first  only  iodine  Avas  used  to  render  the  daguerreotype  plates  sen- 
sitive to  light,  and  that  such  a  plate  needed  exposure  to  the  light  for 
twenty  minutes.  Soon  it  was  found  that  bromine  used  along  with  the 
iodine  shortened  the  exposure  to  one  or  two  minutes,  and  finallj''  the 
invention  of  a  new  lens  and  the  use  of  Brom-iodine,  (Bromiod),  that 
is  Bromine  and  Iodine  together,  as  was  entirely  evident  from  the 
context,  shortened  the  exposure  to  seconds. 

Again  on  page  107,  under  the  head  of  Operation  of  Light  on  the 
Elements  the  translator  gives  us  the  following  : 

"  The  chemist  unrlerstands  by  the  term  elements,  simple  insoluble 
bodies.  *"*  *  *  *  The  chemical  elements  are  the  well  known  metals, 
also  sulphur,  phosphorus,  chlorine,  (a  greenish  strong-smelling  gas 
developed  from  chloride  of  lime) ;  further  the  less  known  substance, 
bromine,  (a  brown  unpleasantly  smelling  substance  of  a  fluid  nature); 
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lastly  iodine,  (a  black  substance  also  of  a  fluid  nature  and  used  for 
friction).  All  these  elements  unite  together  and  produce  bodies  with 
new  properties.  *****  Sulphur  unites  "with  oxygen  and  produces 
the  pungent  strong-smelling  sulphuric  acid." 

That  the  distinguished  author  of  the  book,  Dr.  Vogel,  vrouM  not 
make  so  many  mistakes  in  the  space  of  half  a  page  seems  more  than 
probable,  and  so  we  consult  our  German  copy  again  and  jfind  that 
what  he  really  did  say  is  :  "  The  chemist  understands  by  the  term 
elements,  simple  undecomposable  bodies.  ******  AH  the  Avell- 
known  metals  are  elements,  likewise  sulphur,  phosphorus,  chlorine, 
(the  greenish  unpleasantly  smelling  gas  which  rises  from  chloride  of 
lime ;  further  the  less  known  substance  bromine,  a  brown  stinking 
fluid),  and  the  black  volatile  iodine  which  is  used  in  embrocations. 
All  these  elements  combine  one  with  another  and  produce  bodies  with 
entirely  new  properties.  *****  Sulphur  combines  with  oxygen 
and  produces  the  pungent,  strong-smelling  sulphurous  acid."  All, 
even  those  not  chemists,  will  recognize  the  magnitude  of  the  mistake 
in  the  last  sentence  when  we  say  that  sulphurous  acid  is  the  suffoca- 
ting gas  w  hich  arises  when  a  sulphur  match  is  burned,  and  that  sul- 
phuric acid  is  the  quiet,  heavy  liquid  commonly  known  as  oil  of  vitriol. 

Again,  on  pngo  111,  when  speaking  of  the  decomposition  of  chlor- 
ide of  silver  by  the  action  of  light,  the  translator  makes  the  author 
say: 

"  The  chloride  is  liberated  and  disappears  partly  as  a  greenish  gas 
which,  from  its  abundance  as  well  as  its  odor,  can  be  perceived  to  be' 
chloride  of  silver." 

^Vhat  the  author  did  say  was:  "The  chlorine  becomes  free  and 
disappears  partially,  as  a  greenish  gas,  which  in  case  the  amount  of 
chloride  of  silver  is  large  may  be  recognized  even  by  the  smell." 

Again  in  the  following  page  the  translator  says  : 

"  We  have  previously  seen  in  treating  of  the  practical  part  of  pho- 
tography that  plates  of  iodide  of  silver  and  of  chloride  of  silver  are 
exposed  in  the  camera." 

But  the  author  says  :  "  We  have  seen  above,  in  speaking  of  the 
practical  part  of  photography  that  it  is  not  chloride  of  silver  but 
iodide  of  silver  plates  which  are  exposed  to  the  action  of  light  in  the 
camera  obscura." 

Still  further,  in  speaking  of  the  use  of  photography  in  the  deter- 
mination of  the  sun's  distance  by  the  Transit  of  Venus  method,  the 
translator  says  : 

"  But  Venus  is  not  visible  at  the  moment  when  it  is  placed  before 
the  sun's  di.-k." 

Whereas,  on  the  contrary,  the  author  says  :  "  On  such  an  occasion, 
fthat  is  when  Venus  is  between  the  sun  and  the  earthj  Venus  is  only 
visible  when  it  is  directly  before  the  sun's  disk." 
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Again,  on  page  222,  the  translator  gives  us  the  following  curious 
chemical  transformation  : 

''  The  last  combination,  chromic  acid  (the  author  had  been  enumer- 
ating the  combinations  of  chromium  with  oxygen),  is  the  best  known 
of  all ;  on  adding  to  it  sulphuric  acid  it  changes  to  chromate  of  pot- 
ash and  crystallizes  into  red  needles  which  easily  lose  part  of  its 
oxygen." 

But  the  author  is  not  so  faulty  in  his  chemistry  as  this.  His  state- 
ment is  :  "  The  latter  combination,  chromic  acid,  is  the  best  known 
of  all ;  it  separates,  on  the  addition  of  sulphuric  acid  to  chromate  of 
potash,  and  crystallizes  in  red  needles  which  very  easily  lose  part  of 
their  oxygen." 

On  the  following  page  too  the  translator  makes  use  of  the  following 
singular  sentence  : 

"  Chromic  acid  is  of  special  interest  in  the  object  that  engages  it 
because  both  it  and  its  salts  are  sensitive  to  light." 

But  the  author  says  :  "  In  reference  to  our  subject  ('i.e.,  photography) 
chromic  acid  is  of  especial  interest,  inasmuch  as  both  it  and  its  salts 
are  sensitive  to  light." 

And  thus  we  might  go  on  and  cite  numerous  errors  of  smaller  im- 
portance, but  perhaps  we  have  given  enough  to  show  that  the  transla- 
tion is  worthless.  And  the  proof-reading  is  not  much  better.  We 
have  purposely  omitted,  in  what  we  have  given  above,  citing  any  error 
which  by  any  means  might  be  attributed  to  the  proof-reader,  but  it 
was  not  for  want  of  material.  There  are  scarce  a  dozen  pages  to- 
gether throughout  the  book  which  are  not  disfigured  by  errors  that  a 
careful  proof-reader  would  detect.  In  short,  the  book  in  its  present 
form  is  a  disgrace  to  the  publishers  who  have  sent  it  out,  and  a  decent 
regard  for  their  own  reputation  and  the  rights  of  the  public  would 
seem  to  demand  that  they  should  recall  the  present  edition  and  issue 
another  after  the  book  shall  have  passed  under  the  eye  of  some  com- 
petent person.  D. 
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Hall  of  the  Institute,  May  19th,  1875. 

The  stated  meeting  of  the  Institute  was  called  to  order  at  8  o'clock, 
P.M.,  Vice-President  Charles  S.  Close  in  the  chair. 

There  were  125  members  present. 

The  minutes  of  the  stated  meeting  for  April  were  read  and  ap- 
proved. 
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The  Actuary  presented  the  minutes  of  the  Board  of  Managers  and 
reported  that  at  their  meeting  held  on  the  12th  instant  they  had,  in 
accordance  with  the  recommendation  of  the  Committee  on  Science 
and  the  Arts,  awarded  the  Scott  Legacy  Medal  and  Premium  to 
Thomas  J.  Rorer,  for  the  "  Improved  Union  Belting,"  patented  by 
Clark  &  Flemmer ;  and  the  Elliott  Cresson  Gold  Medal  to  Powers  & 
Weightman,  for  their  manufacture  of  Citric  Acid,  and  the  cheaper 
alkaloids  of  Cinchona  Bark.  Also  that  there  were  ten  persons  elec- 
ted members  of  the  Institute,  and  the  following  donations  made  to 
the  Library. 

Pennsylvania  Archives.  Second  series.  Published  under  direction 
of  Matthew  S.  Quay,  Secretary  of  the  Commonwealth.  Edited  by 
John  B.  Linn  and  Wm.  H.  Egle,  M.D.  Vol.  L  Harrisburg,  1874. 
From  the  Secretary  of  the  Commonwealth. 

The  Use  of  the  Steam  Engine  Indicator;  or,  Practical  Science  for 
Practical  Men.     By  Edward  Lyman,  C.E.,  1874.     From  the  Author. 

Statistical  Report  on  the  Sickness  and  Mortality  in  the  Army  of 
the  United  States.     From  the  Surgeon  General  U.  S.  A. 

Meteorological  Register  for  Twelve  Years,  from  1831  to  1842  in- 
clusive.    From  the  Surgeon  General  U.  S.  A. 

Circular  No.  1.  Report  on  Epidemic  Cholera  and  Yellow  Fever 
in  the  Army  of  the  United  States  during  the  year  1867.  From  the 
Surgeon  General  U.  S.  A. 

Statistical  Report  on  the  Sickness  and  Mortality  in  the  Army  of 
the  United  States,  1860.     From  the  Surgeon  General  U.  S.  A. 

Statistical  Report  on  the  Sickness  and  Mortality  in  the  Army  of 
the  United  States.  Washington,  18S6.  From  the  Surgeon  General 
U.  S.  A. 

Catalogue  of  the  Library  of  the  Surgeon  General's  OflBce,  U.  S  A. 
Washington,  1873.     From  the  Surgeon  General  U.  S.  A. 

Catalogue  of  the  Medical  Section  of  the  United  States  Array 
Medical  Museum.  Washington,  1867.  From  the  Surgeon  General 
U.  S.  A. 

Catalogue  of  the  Surgical  Section  of  the  United  States  Army 
Medical  Museum.  Washington,  1866.  From  the  Surgeon  General 
U.  S.  A. 

The  Secretary  reported  that  the  Committee  on  Science  and  the 
Arts  have  changed  the  day  of  holding  the  stated  meetings,  from  the 
third  Monday,  to  the  first  Wednesday  of  each  month. 
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The  Committee  on  Plans  for  the  alteration  of  the  Institute  Build- 
ing reported  progress. 

The  Secretary  presented  his  report  on  Mechanical  Novelties,  etc., 
embracing  a  new  Grate-bar  Cleaner,  the  invention  of  Wm,  M.  Per- 
rins  ;  a  Pocket-book  Holder,  the  invention  of  Geo.  S.  Knapp,  of  Chi- 
cago ;  a  Rotary  Pressure  Blower,  the  invention  of  Thos.  S.  Disston  ; 
Merriman's  Waterproof  Life-Saving  Dress,  being  a  duplicate  of  the 
one  used  by  Boyton,  in  his  recent  passage  of  the  English  Channel. 

A  comparison  of  Gas  Microscopes  was  then  made  by  Mr.  D.  S.  Hol- 
man,  using  his  instrument  made  by  Joseph  Zentmayer,  of  this  city, 
and  Messrs.  Queen  &  Co.,  one  made  by  themselves. 

Mr.  Holraan  also  exhibited  and  explained  a  new  arrangement 
of  Diaphragm,  to  be  attached  to  the  tube  of  the  objective  of  Gas 
Microscopes,  consisting  of  a  rotating  disk,  with  several  apertures  of 
diiferent  sizes  to  suit  different  objects,  and  placed  immediately  in 
front  of  the  object  and  in  the  focus  of  the  lens. 

The  Secretary  then  projected  on  the  screen  a  number  of  views 
showing  the  progress  on  the  Centennial  Buildings,  and  also  views  of 
the  Fairmount  and  Girard  Avenue  Bridges. 

The  proposed  amendments  to  the  By-Laws,  offered  at  the  stated 
meeting  in  April,  and  postponed  to  this  meeting,  came  up  for  discus- 
sion, and  on  motion  of  Mr.  Hoover,  they  were  laid  on  the  table  by  a 
vote  of  71  ayes,  to  11  nays. 

Mr.  J.  E.  Mitchell  offered  the  following  resolution,  which  on  being 
put  to  a  vote,  was  lost : 

.Resolved,  that  postal  card  notices  of  the  next  meeting  of  the  In- 
stitute be  sent  to  all  members  in  good  standing,  and  thereafter  to  all 
those  who  shall  have  attended  any  of  the  three  stated  meetings  immedi- 
ately preceding  it,  to  all  the  officers  and  members  of  standing  com- 
mittees and  to  such  others  as  may  desire  to  have  their  names  added 
to  the  notice  list.  Provided  that  no  member  shall  be  entitled  to 
such  notice  when  six  consecutive  stated  meetings  shall  have  passed 
without  his  having  attended  any  of  them. 

Mr.  J.  J.  Weaver  offered  the  following  resolution,  which  was  adop- 
ted by  65  ayes,  to  17  nays : 

Jiesohed,  that  hereafter  all  members  in  good  standing  be  notified 
of  the  meetings  of  the  Institute,  by  postal  card,  stating  the  nature 
of  the  business  to  be  brought  before  it. 

On  motion  the  meeting  then  adjourned. 

J.  B.  Knight,  Secretary. 
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EXPERIMENTS  MADE  AT  THE  MARE  ISLAND  NAVY-YARD,  CALIFORNIA,  WJIH 

DIFFERENT  SCREWS  APPLIED  TO  THE  UNITED  STATES  STEAM 

LAUNCH  NO.  4,  TO  ASCERTAIN  THEIR  RELATIVE 

PROPELLING  EFFICIENCY. 


By  Chief  Engineer  B.  F.  Isherwood,  U.  S.  N. 


[Continued  from  Vol.  ixix,  page  349.] 

Explanation  of  tables  1  to  6,  both  inclusive,  containing  the  data  and 
results  of  the  experiments  made  with  screws  A,  B,  (7,  2>,  E,  Fj 
Gr,  and  H,  to  determine  their  relative  economic  efficiencies. 

In  the  following  tables,  numbered  1  to  6,  both  inclusive,  will  be 
found  the  data  and  results  of  all  the  experiments  made  with  screws, 
A,  B,  C,  D,  E,  F,  G,  and  II,  to  determine  their  relative  economic  ef- 
ficiencies when  applied  to  the  propulsion  of  steam-launch  No.  4.  For 
facility  of  reference,  the  lines  containing  the  quantities  are  numbered 
and  arranged  in  groups  ;  and  the  columns  containing  the  data  and 
results  for  the  different  speeds  of  vessel  at  which  the  experiments 
were  made  are  lettered. 

These  quantities  were  obtained,  for  each  screw,  in  the  following 
manner,  namely : 

On  a  straight  line,  taken  for  a  base,  all  the  experimental  speeds  of  the 
vessel  were  laid  off  by  scale  as  abscissai,  and  on  ordinates  erected  from 
these  abscissaj,  at  right  angles  to  the  base,  were  laid  off,  by  scale,  the 
corresponding  experimental  slips  of  the  screw.  A  fair  curve  was  then 
passed  through  the  ends  of  these  ordinates,  dividing  them  as  equally 
as  possible.  Finally,  there  were  laid  off,  by  scale  on  the  base,  ab- 
scissae representing  the  speeds  of  vessel  given  in  line  1  of  the  table  ; 
and  from  these  abscissae  right-angled  ordinates  were  erected  until  they 
cut  the  curve,  and  on  them  were  measured  by  scale,  the  distances  be- 
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tween  the  curve  and  the  base,  which  distances  gave  the  true  slips  of 
the  screw,  as  shown  in  line  2  of  the  tables,  and  corresponding  to  the 
speeds  of  vessel  shown  in  line  1.  The  speeds  in  line  1  are  given  in 
geographical  miles  of  6,086  feet  per  hour,  increasing  for  each  column 
of  the  tables  by  one-half  a  geographical  mile  per  hour,  commencing 
in  column  a  with  5-0  geographical  miles  per  hour,  and  ending  in 
column  h  with  8-5  geographical  miles.  The  slip  of  the  screw  is  ex- 
pressed in  per  centum  of  its  speed  ;  the  latter  being  measured  by  the 
product  of  its  pitch  and  of  the  number  of  its  revolutions  made  in  a 
given  time.  The  speed  of  the  vessel  in  the  same  terms  being  deducted 
from  the  speed  of  the  screw  thus  obtained,  the  remainder,  expressed 
in  per  centum  of  the  latter,  is  the  quantity  on  line  2.  In  screws  G 
and  H,  having  expanding  pitches  in  the  direction  of  their  axes,  the 
mean  pitch  is  used  in  all  calculations. 

From  the  quantities  on  lines  1  and  2,   that  on  line  5  is  calculated 
in  the  following  manner: 

Let— 

A  =  speed  of  vessel  in  feet  per  hour,  (line  1). 

B  =  slip  of  the  screw  in  per  centum  of  its  speed,  (line  2). 

C  =  pitch  of  the  screw  in  feet. 


Then— 

A^l  — B 

C  X  1440 


=  The  number   of  double  strokes  of  engines'  piston, 


and  of  revolutions  of  the  screw,  made  per  minute,  given  on  line  5. 

The  quantities  on  lines  6  to  12,  both  inclusive,  grouped  under  the 
lead  of  "Distribution  of  the  indicated  pressure  on  the  pistons,"  are 
obtained  from  the  indicator-diagrams  in  the  following  manner : 

These  diagrams  were  taken  as  rapidly  as  possible  by  expert  as- 
sistants from  each  end  of  each  cylinder ;  and  the  average  mean 
pressure  from  all  of  them  for  each  experiment  ascertained.  From 
this  mean  pressure  and  the  average  experimental  number  of  double 
strokes  of  engines'  pistons  made  per  minute  during  the  experiment, 
was  calculated  the  gross  effective  horse-powers  developed,  during  the 
experiment,  by  the  engines.  The  distribution  of  this  power,  for  each 
experiment,  was  then  determined  as  follows :  taking,  for  example,  the 
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experiment  in  table  No.  1,  column  a,  in  which  the  gross  effective 
horse-powers  developed  by  the  engines,  (line  13)  was  6-68i7. 

The  pressure  required  to  work  the  engines  and  shafting,  being,  by 
direct  experiment,  2  pounds  per  square  inch  of  piston,  (line  7),  and 
constant  for  all  speeds,  the  power  thus  absorbed  is  (line  14)  0-6109 
horse. 

Deducting  from  the  gross  effective  power  of  6'6847  horses  devel- 
oped by  the  engines,  this  power  of  06109  horse,  there  remains  the 
net  power  of  6-0738  horses  (line  15)  applied  to  the  shaft,  of  which 
7^  per  centum,  or  0-4555  horse  (line  16)  is  absorbed  by  the  friction 
of  the  load. 

The  power  expended  in  overcoming  the  cohesive  resistance  of  the 
water  by  the  screw-blades,  calculated  in  the  ratio  of  the  square  of 
the  velocity,  and  for  a  value  of  0*45  pound  avoirdupois  per  square 
foot  of  helicoidal  surface  moving  in  its  helical  path  with  a  velocity  of 
10  feet  per  second,  amounts  to  0  3598  horse  (line  17). 

The  powers  (04555  and  0-3598  horse)  absorbed  by  the  friction  of 
the  load  and  expended  in  overcoming  the  cohesive  resistance  of  the 
water  by  the  screw-blades,  being  deducted  from  the  power  (6  0738 
horses)  applied  to  the  shaft,  there  remains  5-2585  horse- powers  ex- 
pended in  the  slip  of  the  screw  and  in  the  propulsion  of  the  hull. 
And  as  the  slip  of  the  screw  is  7,82  per  centum  of  its  speed  (line  2), 
the  power  expended  in  it  is  (5-2585  X  -0782)  =  0-4112  horse  (line 
18),  leaving  (5-2585— 0-4112)  =  4-8473  horses  (line  19)  expended 
in  the  propulsion  of  the  simple  hull. 

The  quantity  on  line  19  is  the  same  as  that  on  line  4,  and  from  it 
the  thrust  of  the  screw  in  pounds  can  easily  be  calculated. 

Let  A  =  the  number  of  horscrpowers  expended  in  the  propulsion 
of  the  simple  hull. 

B  =  the  speed  of  the  vessel  in  feet  per  minute. 

Then 

A  X  38000       ,^      L  r    1 

=  the  thrust  of  the  screw  in  pounds. 

In  this  manner  the  quantity  on  line  3  is  calculated  from  that  on 
line  4  or  line  19  for  the  speeds  of  vessel  in  the  different  columns  of 
the  tables. 
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The  quantities  on  lines  20,  21,  22  and  23  are  simply  the  per  cen- 
tum which  the  quantities  on  lines  16,  17,  18  and  19  are  respectively 
of  the  quantity  on  line  15. 

The  quantities  on  lines  6  to  12,  both  inclusive,  are  calculated  re- 
spectively from  the  quantities  on  lines  13  to  19,  both  inclusive,  using 
the  areas  of  the  pistons,  and  the  speed  of  piston  in  feet  per  riiinute 
deduced  from  the  quantity  on  line  5. 

During  the  entire  time  of  each  experiment  a  dynamometer-diagram 
was  taken,  and  the  mean  pressure  obtained  from  it  and  multiplied  by 
the  leverage  of  the  instrument  is  the  same  as  found  on  line  3.  From 
this  pressure  the  quantity  on  line  4  is  obtained  by  multiplying  it  by 
the  speed  of  the  vessel  in  feet  per  minute  and  dividing  by  33,000. 

The  difference  between  the  thrusts  of  the  screws,  as  given  directly 
by  the  dynamometer,  and  indirectly  by  the  indicator,  was  very  small, 
as  will  be  seen  from  the  fact  that  their  sum  by  the  dynamometer  was 
22,142,  and  by  the  indicator  22,203,  the  difference  of  which  is  only 
0*275  per  centum  of  the  larger  quantity. 

After  the  experimental  thrusts  of  all  the  screws  in  all  the  experi- 
ments were  ascertained,  both  directly  by  the  dynamometer  and  indi- 
rectly by  the  indicator,  as  above  described,  for  the  experimental 
speeds  of  the  vessel,  the  latter  were  laid  off  by  scale  on  a  straight 
base-line  as  abscissae.  From  these  abscissae  right-angled  ordinates 
were  erected,  on  which  the  corresponding  experimental  thrusts  of  the 
screws  were  laid  off  by  scale,  and  a  fair  curve  passed  among  their 
ends  so  as  to  equally  divide  them,  leaving  as  many  on  one  side  the 
curve  as  on  the  other.  Then  there  were  laid  off  by  scale  on  the  base, 
abscissae  representing  the  speeds  of  the  vessel  given  in  line  1  of  the 
tables ;  and  from  these  abscissae  right-angled  ordinates  were  erected 
until  they  cut  the  curve,  and  on  them  were  measured  by  scale  the 
distances  between  the  curve  and  the  base,  which  distances  gave  the 
true  thrusts  of  the  screw,  as  shown  on  line  3  of  the  tables,  and  cor- 
responding to  the  speeds  of  vessel  shown  on  line  1.  These  thrusts 
are  expressed  in  pounds  avoirdupois. 
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DISCUSSION    OF   THE    RESULTS   OF    THE   EXPERIMENTS    IN   THE    I'RE- 
CEDING    TABLES. 

Of  the  resistance  of  the  hull  at  different  speeds. — In  the  following 
table  will  be  found  the  experimental  resistances  of  the  hull  in  pounds, 
for  speeds  varying  by  0*1  geographical  mile  per  hour  between  the 
speeds  of  5'0  and  8*5  geographical  miles  per  hour,  both  inclusive, 
and  the  ratio  of  these  resistances  as  compared  with  the  ratio  of  the 
squares  of  the  respective  speeds  : 
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1-7023 

8-2 

2-6896 

660 

6 

1-7774 

8-3 

2-7556 

687 

3 

1-8621 

8-4 

2-8224 

616 

0 

1-9531 

8-5 

2-8900 

Resistances  of  the  vessel 
at  the  different  speeds. 


644-7 

676-3 

707-0 

739-6 

773-2 

805-8 

8.-i6-5 

867-1 

895-8 

920-6 

946-3 

967-0 

990-8 

1009-5 

1027-3 

1043-2 

1057-0 

1082-4 


2-0441 
2-1443 
2-2416 
2-3450 
2-4516 
2-5549 
26622 
2-7492 
2  8402 
2-9185 
30003 
3-0669 
3-1414 
3-2007 
3-2671 
3-3076 
3-3613 
3-4318 


During  the  experiments,  it  was  remarked  that  the  vessel's  "  trim," 
or  her  relative  draught  of  water  forward  and  aft,  varied  with  every 
variation  of  speed,  the  bow  rising  and  the  stern  falling  as  the  speed 
increased.  At  the  maximum  speeds,  the  variation  of  v,he  draught  of 
water  forward  and  aft  was  excessive.  By  this  continual  change  or 
trim  as  the  speed  changed,  the  immersed  solid  of  the  hull  was  con- 
tinually ciianging  in  form.  Strictly,  there  was  a  succession  of  vessels, 
instead  of  the  same  vessel,  at  different  speeds ;  and  the  resistances  in 
the  above  table  show,  in  reality,  not  the  resistance  of  the  same  im- 
mersed solid  at  different  speeds,  but  tlie  resistances  of  immersed  solids 
differinof  more  or  less  from  each  otlier  with  every  change  of  speed. 
The  results  of  the  experiments  show  tiiat  the  resistance  of  these  dif- 
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ferent  immersed  solids  varied  widely  from  the  law  of  its  proportion- 
ality to  the  squares  of  their  speeds,  increasing  with  increased  speed 
sometimes  less  rapidly  and  sometimes  more  rapidly  than  due  to  that 
law,  according  as  the  actual  immersed  solid  varied  more  or  less  favor- 
ably in  function  of  resistance.  To  show  this  effect  quantitatively, 
there  has  been  placed  in  the  following  table,  opposite  the  column  of 
the  vessel's  speed,  another  containing  the  amount  by  which  the  re- 
sistance varied  from  the  law  of  the  squares,  that  amount  being 
expressed  in  per  centum  of  what  the  resistance  would  have  been  ac- 
cording to  the  law  of  its  proportionality  to  the  squares  of  the  speeds. 
The  prefixes  of  minus  and  plus  indicate,  respectively,  whether  the 
variation  was  less  or  more  than  the  law  : 


o  — 


5-0 
51 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
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>a 
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6-4 
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+5-17 
+  6-43 
+8-07 


•S'S       , 
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^a 
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o  <=  3 

S  a)  o 

1 
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+  9-51 
+  11-19 
+  14-37 
+  16-29 
+18-22 
+  19-86 
+21-08 
+22-19 
+22-93 


7-7 
7-8 
7-9 
8-0 
8-1 
8.2 
8-3 
8-4 
8-5 
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+23-06 
+23-29 
+22-81 
-^22-71 
+21-96 
4-21-10 
+  20-03 
+18-74 
+  18-75 


From  the  above  table  it  will  be  seen  that  the  variation  of  the  re- 
sistance of  the  hull  from  the  law  of  its  proportionality  to  the  squares 
of  the  speeds  was  irregular  in  quantity,  alternately  increasing  and 
decreasing.  From  the  speed  of  5  0  geographical  miles  per  hour  to 
that  of  between  60  and  61  geographical  miles,  the  resistance  varied 
in  a  lower  ratio  than  that  of  the  squares  of  the  speeds,  the  ratio 
slowly  decreasing  until,  at  the  speed  of  5-6  geographical  miles  per 
hour,  it  was  3-78  per  centum  less  than  was  due  to  the  law.  From  the 
speed  of  5*6  geographical  miles  per  hour  to  that  of  between  6  0  and 
6-1  gcjgraphieal  miles,  the  ratio  .slowly  increased  until,  at  the  speed 
of  between  6-0  and  6-1  geographical  miles,  theresistance  was  in  exact 
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accord  with  the  law.  From  the  latter  speed,  the  resistance  rapidly 
increased  above  that  due  to  the  law,  up  to  the  speed  of  7*8  geograph- 
ical miles  per  hour,  where  it  was  28-29  per  centum  greater  than  was 
due  to  the  law.  From  the  speed  of  7  8  geographical  miles  per  hour, 
the  variation  from  the  law  decreased  until,  at  the  speed  of  8'5  geo- 
graphical miles,  the  resistance  was  18-75  per  centum  greater  than  was 
due  to  the  law. 

Components  of  the  resistance  of  the  hull. — The  power  applied  to 
the  propulsion  of  the  hull  is  divided  between  effecting  the  displace- 
ment of  the  water,  that  is  to  say,  scooping  out  the  watery  furrow  or 
trench  measured  by  the  area  of  the  vessers  greatest  immersed  trans- 
verse section  and  the  distance  run,  and  overcoming  the  friction  of  the 
immersed  external  surface  of  the  vessel  on  the  water.  If  we  suppose 
that  surface  to  have  remained  constant  during  the  experiments,  which 
was  very  nearly  the  case,  its  frictional  resistance  can  be  calculated 
for  every  variation  of  speed.  It  will  be,  in  fact,  in  the  ratio  of  the 
squares  of  the  speeds;  and,  by  deducting  it  from  the  experimental 
resistance  of  the  vessel,  the  remainder  will  be  the  resistance  of  the 
immersed  solid  of  the  hull  in  function  of  form.  The  calculation  of 
this  frictional  resistance  with  exactness  is  impossible,  on  account  of 
the  continuously  varying  curvature  of  the  immersed  surface  of  the 
hull.  The  speed  of  this  surface  relatively  to  the  water  in  con- 
tact with  it,  is  nowhere  as  great  as  the  vessel's  speed,  except 
for  the  keel  and  other  flat  sufaces  parallel  thereto.  An  approxima- 
tion, however,  can  be  made  by  considering  the  speed  of  the  surface 
relatively  to  the  water  in  contact  with  it  to  be  less  than  the 
speed  of  the  vessel,  in  the  ratio  of  the  base  to  the  hypothe- 
nuse  of  a  right-angled  triangle  whose  base  is  represented  by  the  half 
length  of  the  water-line,  and  whose  height  is  represented  by  the  half 
breadth  of  the  water-line.  The  resistance  of  a  square  foot  of  the 
immersed  surface,  moving  with  the  velocity  of  10  feet  per  second,  will 
be  taken  at  0'45  pound,  and  to  vary  as  the  squares  of  the  speeds. 
Applying  this  data,  the  speed  of  the  surface  is  8-2G  feet  per 
second  when  the  speed  of  the  vessel  is  5  0  geographical  miles  per 
hour;  hence  the  resistance  of  the  717  square  feet  of  immersed  sur- 

'717  X  0-45  X  8-26'' 
tue  nun,   at  mac  speeu,   is  i 

pounds. 


r         f  .1     1    n      .  .w           ]    •    /717x0-45x8-26''\       ^„^  - . 
face  of  the  hull,   at  that  speed,   is  I ~T/1 j"^  220-14 


(To  be  continaed.) 
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ON  THE  MACHINERY  OF  THE  VIENNA  EXPOSITION. 


By  M.  Tresca. 


[Editorial  Note. — The  French  Government  planting  house  has 
just  issued  the  first  four  volumes  of  the  Reports  upon  the  Vienna  Ex- 
hibition made  by  the  members  of  the  international  jury  from  France. 
These  volumes  contain  fifty-two  reports  upon  various  branches  of 
knowledge,  most  of  them  by  men  of  distinction.  We  find  in  the 
Revue  Indiistrielle  an  excellent  editorial  summary  of  the  Report  of 
M.  Tresca,  the  distinguished  engineer  and  metallurgist,  upon  the  ma- 
chinery of  the  exhibition  ;  and  believing  that  it  will  prove  of  interest 
to  our  readers,  we  give  the  following  translation  of  it.] 

M.  Tresca  states  at  the  outset  that  the  collection  in  the  Machinery 
Hall  was  the  greatest  success  of  the  Vienna  Exhibition;  and  that 
moreover,  it  was  far  superior  to  any  similar  collection  shown  at  any  pre- 
ceding one.  He  then  gives  his  opinion  as  to  the  value  of  the  exhib- 
its made  by  the  several  countries,  calling  attention  to  the  distinctive 
character  of  each  of  these  subordinate  exhibitions.  The  Austrian 
constructors,  he  thinks,  vied  with  each  other  in  producing  the  best,  to 
the  full  measure  of  their  ability.  Less  fully  inspired,  the  Germans 
seemed  to  desire  to  dazzle  by  the  quantity  rather  than  by  the  quality 
of  the  machines  they  exhibited.  The  Americans,  the  French,  and  the 
English  represented  much  better  the  actual  state  of  industry  in  their 
respective  countries,  even  in  spite  of  the  fewness  of  the  pieces  sent. 
The  Belgians  and  the  Swiss  were  very  well  represented,  the  sections 
devoted  to  these  countries  containing  very  many  beautiful  specimens 
of  constructive  mechanics.  Except  Italy  and  Russia,  which  countries 
made  a  creditable  dehut  in  mechanical  industry,  the  other  nations 
of  the  world  exhibited  nothing  remarkable  in  mechanics.  M.  Tresca 
then  enters  upon  a  more  detailed  examination  of  the  motors  of  all 
kinds,  the  pumps,  the  machine  tools,  and  the  machines  in  general. 
"The  principal  driving  power  of  modern  industry,"  he  says,  "the 
steam  engine,  was,  of  course,  represented  at  Vienna  under  the  most 
varied  forms.  But  even  in  this  great  variety  there  could  be  dis- 
cerned without  diSiculty  a  manifest  tendency,  more  pronounced  too 
than  in.  1867,  to  the  employment,  by  preference,  of  a  lifting  valve 
for  distributing  the  steam,  in  place  of  the  slide  valve  to  which  we  are 
accustomed  in  France.  This  tendency  should  be  a  means  of  instruc- 
tion to  us  since  it  is  entirely  justified  by  the  facts. 
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"  France  -^vould  have  been  the  only  country  not  represented  in  this 
advance,  had  it  not  been  for  the  services  of  M.  Farcot  in  connection 
with  the  machine  exhibited  in  the  Belgian  section  by  M.  Bede. 

"  There  is  no  need  of  hesitation  in  asserting  that  in  this  direction 
we  are  behind  the  times.  This  arises,  without  doubt,  from  the  fact 
that  we  have  had,  up  to  within  a  very  few  years,  the  most  perfect  and 
the  most  economical  engines.  Hence,  our  machine  constructors  have 
counted  too  much  on  the  superiority  of  the  old,  and  have  ignored  too 
much  the  real  progress  which  has  been  made.  This  progress  was 
inaugurated  by  the  improvements  made  in  the  American  Corliss 
engine,  which  has  been  the  point  of  departure  for  all  the  more  recent 
advances." 

"While  agreeing  in  general,"  says  M.  Fontaine,  "with  this  opinion 
of  M.  Tresca,  as  to  the  great  merit  of  engines  of  the  Corliss  kind, 
we  yet  believe  that  it  would  be  a  grave  error  to  assume  that  they  are 
capable  of  replacing  all  other  sorts  of  engine.  Their  complication 
and  the  abruptness  of  their  movements  are  serious  inconveniences, 
especially  in  motors  of  small  size.  Moreover,  the  economy  of  steam 
secured  by  them  is  not  as  considerable  as  certain  constructors  of 
these  engines  would  have  us  believe.  I  quote  again  here  an  opinion 
which  I  have  given  upon  this  subject  in  another  place  :  For  a  power 
less  than  twenty  horse,  the  ordinary  expansion  engines  are  excellent; 
from  twenty  to  fifty  horse-powers,  we  should  prefer,  according  to  the 
purpose  to  be  subserved,  either  an  eccentric  engine  or  one  working 
with  a  spring-catch ;  above  fifty  horse-powers,  apart  from  special 
conditions  which  might  modify  this  conclusion,  we  should  give  the 
preference  to  the  Corliss  system  of  cut-oif,  combined  with  the  Woolf 
system.  On  the  other  hand,  we  believe  that  the  French  engine- 
builders  are  much  less  behind  the  times  in  the  matter  of  such  im- 
provements, than  M.  Tresca  supposes.  M.  Legavriau,  to  cite  only  a 
sint^le  example,  has  for  some  years  manufactured  Corliss  engines; 
and  if  he  did  not  exhibit  them  at  Vienna,  it  was  undoubtedly  only 
because  he  was  too  busy  filling  orders  for  them,  immediately  after 
the  war." 

"We  are,  on  the  contrary,"  continues  M.  Fontaine,  "  entirely  in 
accord  with  M.  Tresca,  when  he  says  in  speaking  of  steam  boilers  : — 

"  'If  any  one  were  to  form  his  opinion  of  the  present  state  of  the 
art  of  constructing  steam  boilers  from  an  attentive  examination  of 
the  numerous  contrivances  represented  at  Vienna,  this  opinion  would 
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be  strangely  erroneous.  While  the  manufacturer  should  seek  simple 
combinations,  such  as  are  readily  used  and  easily  taken  care  of,  the 
exhibitor  is  striving  to  complicate  steam  generators  beyond  measure, 
and  in  a  thousand  different  ways.  They  even  attempt  to  explain  the 
reason  of  each  peculiarity  which  they  adopt;  but  their  assertions  are  not 
based  upon  any  satisfactory  experimental  results.  It  would  even 
seem  that  they  had  sacrificed  everything,  blindly  and  without  reason, 
to  the  single  end — and  that  too,  at  least  in  fixed  boilers,  a  secondary 
one — of  multiplying  as  largely  as  possible  the  extent  of  the  heating 
surface,  in  relation  to  the  whole  volume  of  the  boiler.'  " 

The  .only  point  of  progress  noticed  by  M.  Tresca  in  his  examina- 
tion of  steam  generators,  is  the  employment  of  the  Bdrenger  appar- 
atus for  avoiding  incrustations. 

In  the  paragraph  upon  locomotives,  he  gives  a  well-merited  compli- 
ment to  the  freight  engine  exhibited  by  the  Creusot  Works,  summarily 
describing  the  advantages  of  the  contrevapeur,  and  calling  attention 
to  the  general  tendency  to  make  the  fire-boxes,  and  especially  the 
grates,  very  large. 

M.  Tresca  passes  rapidly  in  review  the  portable  engines  exhibited, 
as  well  as  those  which  are  semi-portable ;  and  also,  traction  engines. 
In  relation  to  the  latter,  he  considers  the  only  really  practicable  ones 
are  those  of  Aveling  and  Porter ;  but  he  does  not  believe  that  the 
india-rubber  tires,  so  much  puffed  during  late  years,  have  given  very 
satisfactory  results. 

Among  the  accessories  to  the  steam  engine,  the  author  places  in 
the  first  rank  the  products  exhibited  by  Schoeffer  &  Budenburg,  of 
Magdebourg ;  a  firm  employing  nearly  two  thousand  workmen,  and 
manufacturing  detached  articles,  such  as  manometers,  injectors,  regu- 
lators, cocks,  etc. 

Under  hydraulic  motors,  he  remarks  that  the  observed  progress 
seems  to  have  been  rather  in  the  direction  of  broader  applications 
than  in  that  of  a  more  careful  study  of  the  theory  of  turbines.  The 
hydraulic  works  at  Schaffhausen  and  Belgarde  are  really  on  a  mag- 
nificent scale. 

Coming  now  to  the  examination  of  machines  for  raising  water,  the 
exhibits^of  MM.  Bon  &  Lustrement,  Tangy  Bros.,  Edoux  &  Megy, 
and  Etcheveria  &  Bazan,  are  cited  with  commendation ;  among 
pumps,  the  noticeable  machine  of  M.  Prunier  is  given  as  a  model 
worthy  of  being  copied;  the  direct-acting  steam  pumps  are  criticised 
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because  of  their  feeble  effectiveness ,  the  rotary  pumps  of  MM.  Du- 
mont  and  Edoux  are  specially  mentioned ;  and  the  fire  engines  are 
referred  to  as  containing  the  elements  of  a  complex  problem  yet  to 
be  resolved, 

M.  Tresca  begins  his  report  upon  injectors  in  this  way:  "Although 
the  diploma  of  honor  voted  to  M.  Giffard,  without  any  opposition 
and  with  perfect  unanimity,  by  the  jury  on  machines,  was  suppressed 
by  an  ulterior  vote,  which  we  may  be  permitted  to  regret ;  yet  it  is 
impossible,  notwithstanding,  not  to  consider  the  invention  of  this  in- 
jector as  one  of  the  most  remarkable  and  the  most  highly  valued  of 
French  inventions ;  an  invention  to  which,  since  then,  a  large  num- 
ber of  very  important  improvements  have  been  made." 

''We  have  already  noticed,"  says  M.  Fontaine,  "  the  injustice  done 
to  M.  Giffard,  but  we  return  to  the  subject  willingly,  in  order  to  pro- 
test still  again  against  the  manoeuvres  employed  before  the  Council 
of  Presidents  in  order  to  prevent  the  giving  to  our  countryman  of 
the  just  reward  of  his  beautiful  invention." 

The  Report  goes  on  to  consider  next  the  machine  tools  which  were 
exhibited,  including  those  for  working  metals,  wood,  and  stone.  In 
the  first  section,  M.  Tresca  mentions  with  high  commendation,  MM. 
Sellers,  Ileilmann,  Ducommun  &  Steinlen,  Sharp,  Stewart,  Deny, 
Arbel,  lias  well,  and  Brunon  Bros.  In  the  second  section,  he  speaks 
especially  of  the  machines  exhibited  by  MM,  Perin  and  Arbey ;  and 
in  the  third,  he  mentions  those  of  MM.  Holmes  &  Taylor,  Dubois 
&  Francois,  Mang^  &  Lippmann,  and  Tilghman. 

"  We  would  like  to  be  able  to  quote  here  all  that  part  of  the  Report 
which  relates  to  machines  designed  for  working  metals.  Unfortu- 
nately, space  for  this  fails  us,  and  we  must  be  contented  with  repro- 
ducing here  three  passages  concerning  exhibits  which  received  the 
diploma  of  honor : 

"  The  number  of  the  designs — as  thoroughly  conceived  as  they  were 
ably  executed — which  constituted  the  important  exhibit  of  M.  Sellers, 
constituted  the  most  beautiful  series  of  the  entire  Exhibition. 
M.  Sellers  has,  however  made  no  modifications  in  the  arrangements 
of  his  lathe  with  variable  velocities,  by  means  of  friction  plates, 
which  had  attracted  attention  in  1867  ;  nor  has  he  changed  the  mode 
of  action  of  the  principal  parts  of  his  automatic  machine  for  cutting 
gears,  which  is  certainly  the  most  complete  machine  of  its  kind  in 
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use.  But,  nevertheless,  his  exhibit  presents  in  a  high  degree  the 
character  of  general  perfection  which  has  placed  him,  since  1867,  in 
the  front  rank  among  the  constructors  of  machine  tools. 

"  The  beautiful  machine  tools  of  MM.  Heilmann,  Ducommun  & 
Steinlen  (formerly  Dubied  &  Ducommun),  are  as  well  appreciated  in 
foreign  countries  as  in  France.  It  is  well-known  that  no  care  is 
spared  in  their  construction,  and  that  more  efficient  lathes  and  more 
powerful  planing  machines  are  nowhere  to  be  found,  A  single  regret 
mingles  with  the  unanimous  decision  which  gave  them  deserved 
justice;  and  that  is  that  this  decision  is  to  be  counted  among  the 
number  of  successes  of  our  neighbors,  while  in  fact  the  industry 
developed  by  MM.  Heilmann  and  Steinlen  is  wholly  French  by  its 
origin,  its  progress,  and  its  development,  as  well  as  by  the  talent  and 
the  energy  of  its  directors.  Without  giving  up  a  single  one  of  the 
rare  qualities  which  distinguish  the  fine  tools  which  issue  from  this 
establishment,  and  continuing  still  to  cement  all  those  parts  of  their 
machines  which  are  liable  to  become  deformed  by  strain,  MM.  Heil- 
mann and  Steinlen,  the  actual  directors,  constructed  for  the  exhi- 
bition a  series  of  typical  stages  of  the  diff"erent  kinds  of  machines. 
Each  of  these  series,  continued  even  up  to  the  most  powerful  tools, 
is  in  perfect  accordance  with  the  widely  varied  demands  of  modern 
industry,  and  forms  an  assortment  excellently  well  adapted  to  the 
various  needs  of  the  workshop.  M.  Steinlen  has  also  rendered  a  sig- 
nal service  in  the  construction  of  machines  by  his  study  of  the  metric 
types  of  the  dimensions  of  the  screw  threads  of  Whitworth,  thus  ex- 
pressing their  values  in  sub-divisions  of  the  meter,  and  improving  at 
the  same  time,  by  a  better  selection  of  the  ratios,  screws  of  small 
dimensions. 

"Another  industry,  also  entirely  French,  is  that  of  M.  Deny,  which 
has  for  its  principal  specialty,  the  construction  of  all  tools  required 
in  the  manufacture  of  the  thousand  small  metallic  articles  which  are  made 
in  Paris  by  artisans  at  their  own  homes.  By  the  side  of  the  stamp  em- 
ployed in  the  manufacture  of  the  links  of  watch  chains  made  of  brass,  and 
of  all  shapes,  there  was  exhibited  some  specimens  of  these  products, 
which  had  a  great  success  at  the  Exhibition.  The  manufacture  of 
stamped-  thimbles  of  copper  for  uniting  tubes  together,  the  friction 
press  worked  by  steam,  the  macliine  for  the  manufacture  of  cartridges, 
did  not  have  the  same  importance  before  the  jury,  that  was  given  to 
his  method  of  constructing  filter-presses  for  paper  or  for  beet-root 
pulp.      This   is   effected   by  means  of  stamped  plates   with   beveled 
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channels,  forming  on  the  opposite  face  straight  grooves  having  ex- 
actly the  same  size  within  a  few  tenths  of  a  millimeter.  These  plates 
rolled  into  the  form  of  a  cylinder,  always  preserve  the  same  exactness 
in  the  size  of  the  orifices,  and  in  this  way  constitute  strainers  excel- 
lently well  suited  for  conducting  continuous  operations.  The  con- 
struction of  these  plates  by  M.  Deny  has  rendered  it  practicable  to 
employ  various  systems  of  continuous  filter-presses,  which  are  so 
important  in  increasing  the  rapidity  with  which,  in  our  manufac- 
tories of  indigenous  sugar,  the  beet-juice  can  be  extracted." 

M.  Tresca  concludes  his  report  with  a  review  of  the  machines  re- 
quired in  the  textile  arts,  in  various  special  manufactories,  in  printing, 
working  leather,  and  in  making  belts ;  of  sewing  machines,  of  knead- 
ing machines,  of  grist-mills,  of  the  apparatus  employed  in  chemical 
and  sugar  industries,  in  distilling,  in  the  manufacture  of  aerated 
waters,  in  breweries,  and  in  the  manufacture  of  candles ;  and  of  the 
apparatus  which  is  used  in  the  development  of  physical  phenomena. 

Under  the  head  of  sugar  industry,  there  is  a  very  favorable  notice 
of  the  apparatus  of  Fives  Lille,  and  a  mention  of  the  essoreuses  with 
adherent  motors  of  M.  Buffaud.  Under  distilling,  there  is  a  com- 
pliment paid  to  the  Savalle  apparatus  ;  and  under  the  manufacture  of 
aerated  waters,  there  is  much  said  in  praise  of  the  inventions  of  M. 
Hermann  Lachapelle. 

jM.  Tresca  closes  his  report  thus:  "We  see  by  tliis  rapid  review  of 
the  principal  classes  of  machines  exhibited,  that  there  has  not  been 
very  great  progress  in  the  mechanic  arts  since  the  Exposition  Uni- 
verselle  of  18G7.  Their  domain,  however,  has  been  enlarged,  and 
the  methods  of  construction  have  attained  to  a  higher  perfection. 
The  more  general  utilization  of  the  forces  of  nature  and  their  appli- 
cation to  the  grand  civil  engineering  enterprises  of  the  day,  is,  among 
all  the  new  advances,  the  one  which  at  Vienna,  presented  the  greatest 
development. 

"  We  cannot  forget  that  France  has  always  remained  in  the  front 
rank  of  meclianical  industry,  side  by  side  with  England,  the  United 
States,  Belgium  and  Switzerland." 

"  We  can  add  here  but  a  word.  No  one  has  done  more  than  M. 
Tresca  himself,  to  sustain  the  rights  of  our  manufacturers  and  to  make 
known  and  recognize  the  supremacy  of  France  in  a  host  of  industries. 
It  is  to  his  thorough  knowledge  of  machinery  that  he  owes  the  influ- 
ence which  enabled  him  to  become  so  effective  a  member  of  the  in- 
ternational jury. 
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ACCOUNT  OF  SOME  EXPERIMENTS  MADE  FOR  THE  PURPOSE  OF  COM- 
PARING THE  INDICATIONS  OF  TWO  CASSELLA'S  AIR  METERS. 


By  C.  B.  Richards,  M.E. 


In  some  branches  of  physical  research,  and  in  all  investigations 
which  relate  to  the  warming  and  ventilation  of  buildings,  mines,  etc., 
it  is  necessary  to  determine  the  quantity  of  air  which  flows  through 
apertures  and  channels  of  various  kinds  ;  and,  in  order  that  incorrect 
conclusions  may  be  avoided  in  such  cases,  it  is  important  to  know  how 
great  dependence  can  be  placed  on  the  instruments  used  for  making 
these  determinations.  It  is,  therefore,  believed  that  the  following  ac- 
count of  a  series  of  tests  of  a  kind  of  anemometer  which  is  exten- 
sively employed,  will  be  of  value  to  those  who  may  contemplate  using 
these  or  similar  instruments,  by  calling  attention  to  some  of  the  dif- 
ficulties which  attend  their  use. 

During  the  last  two  winters,  the  writer  of  this  article  was  engaged 
in  conducting  an  extensive  series  of  experiments  for  the  purpose  of 
determining  the  relative  efficiency  of  various  steam  heaters  for  warm- 
ing air,  which  will  be  made  the  subject  of  reports  to  the  Smithsonian 
Institution  and  the  Commission  for  the  new  Connecticut  State  Capitol, 
under  whose  auspices  they  were  made.  In  these  experiments  a  "  Cas- 
sella's  Air  Meter  "  was  employed  as  one  of  the  means  of  measuring 
the  quantity  of  air  which  passed  through  the  heaters. 

The  results  obtained  from  the  indications  of  this  meter  were  un- 
satisfactory and  inconsistent,  and,  after  the  heating  experiments  were 
concluded,  it  was  decided  to  compare  the  indications  of  two  of  the 
meters  placed  under  conditions  as  nearly  similar  as  practicable,  in  or- 
der to  ascertain  whether  the  results  obtained  from  them  would  coin- 
cide. Arrangements  were  accordingly  perfected  for  these  new 
experiments,  and  the  meters  were  tested  together.  Under  these  cir- 
cumstances, the  results  failed  to  agree,  and  the  experiments  appear  to 
have  demonstrated  that  the  meter  indications  depend  to  so  great  an 
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extent  on  the  temperature  of  the  air  and  on  imperceptible  variations 
in  the  conditions  under  which  the  meters  are  placed,  the  effects  of 
"which  cannot  be  predicted,  but  which  are  important,  that  the  results 
are  liable  to  lead  to  conclusions  which  may  be  far  from  correct,  at 
least  when  the  meters  are  used  in  comparatively  small  apertures. 

The  meter  tests  will  be  fully  described  in  order  that  the  correctness 
of  this  opinion  may  be  verified  or  criticised. 

The  Cassella  Meter  was  described  in  an  illustrated  article  in  the 
Journal  of  tub  Franklin  Institute,  vol.  xci,  page  326.  The  two 
meters  employed  in  the  tests  were  numbered  136  and  327.  The  for- 
mer was  kindly  loaned  for  the  purpose  by  President  Morton  of  the 
Stevens'  Institute  of  Technology,  while  meter  327  was  imported  by 
the  writer  directly  from  Cassella,  in  1873,  and  resembled  the  first  in 
every  essential  detail. 

The  meter  trials  were  made  in  the  apparatus  which  was  used  in 
testing  the  heaters,  one  meter  being  located  and  kept  running  in  the 
place  where  a  meter  was  used  during  the  heating  experiments,  while 
the  other  was  in  operation  in  a  different  part  of  the  apparatus,  where 
it  was  subjected  to  the  same  conditions,  as  nearly  as  possible. 

In  the  accompanying  plate,  Figure  1  is  a  vertical  section  of  all  the 
principal  parts  of  the  apparatus. 

C  is  a  large  chamber  with  air  tight  walls,  about  9  feet  high,  in  the 
centre  of  which  the  steam  heaters  were  placed  when  tested.  Beneath 
this  chamber,  and  opening  into  it,  is  a  box  A,  provided  with  a  glass 
front  and  a  horizontal  diaphragm  which  has  through  it  an  aperture  jE7 
exactly  10  inches  square.  A  similar  box  B  is  situated  above  the 
chamber  O,  and  this  box  also  has  a  glass  front  and  a  diaphragm  with 
an  aperture  E  of  exactly  the  same  size  anil  shape  as  JE.  Other 
diaphragms  having  square  apertures  from  10  inches  to  12  inches 
diameter  are  arranged  above  and  below  the  apertures  E  and  F  and 
serve  to  direct  the  air  through  these. 

Beneath  the  box  A,  and  in  communication  with  it,  is  a  chamber  5", 
the  bottom  of  which  is  formed  of  poi'forated  tin,  which  acts  as  a  dif- 
fuser  to  the  entering  air  to  prevent  irregular  currents  through  JS. 
The  chamber  II  is  immersed  in  a  channel  /,  into  which  air  was  driven 
by  a  fan-blower  during  the  experiments.  A  valve  K  in  the  upper 
part  of  the  box  B,  served  to  regulate  the  quantity  of  air  which  passed 
through  the  whole  apparatus. 
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One  meter  was  placed  in  each  of  the  two  apertures  E  and  J',  being 
suspended  from  above  so  that  the  wind-wheel  of  the  meter  entered  the 
aperture  in  the  manner  shown  in  Figures  2  and  3,  in  which  the  parts 
shown  are  drawn  to  a  larger  scale  than  in  Figure  1. 

Both  meters  were  attached  to  mechanism  by  which  they  were  caused 
to  travel  back  and  forth,  with  slow  uniform  movements,  over  the  whole 
area  of  their  apertures,  in  zigzag  paths  which  are  indicated  in  Fig- 
ure 3  by  a  fine  line.  The  time  occupied  by  a  meter  in  going  over  the 
entire  area  of  the  aperture  was  3  minutes.  The  machinery  for  pro- 
ducing these  movements  need  not  now  be  described  ;  its  parts  Avere  so 
arranged  as  not  to  interfere  essentially  with  the  currents  of  air,  and 
were  exactly  alike  in  both  boxes.  It  is  believed  that,  by  the  use  of 
this  device,  the  meters  were  presented  to  the  different  parts  of  the 
apertures  in  such  a  manner  that  the  average  velocity  of  currents  of 
air  through  the  apertures  ought  to  have  been  correctly  recorded  by 
the  meter  if  it  could  have  been  done  under  any  circumstances. 

Several  thermometers,  for  which  tables  of  corrections  had  been  ob- 
tained by  experiment,  were  hung  in  the  boxes  A  and  B,  and  an 
aneroid  barometer  and  Edson's  hygrodeik  were  placed  in  the  lower 
box.  All  the  instruments  could  be  read  by  looking  through  the  glass 
fronts,  without  opening  the  boxes.  The  following  method  was  em- 
ployed in  the  experiments  : 

The  fan-blower,  already  referred  to,  was  kept  in  motion,  and  air, 
■which  was  taken  from  a  room  whose  temperature  could  be  regulated, 
was  blown  into  the  channel  I.  The  direction  of  the  air  after  passing 
the  perforated  bottom  of  the  chamber  H  was  upward  through  both 
the  boxes  and  all  the  square  apertures. 

At  first  meter  327  was  placed  in  the  upper  box  B  in  the  aperture 
F,  and  meter  136  in  the  lower  box  in  the  aperture  B.  Warm  air 
was  then  caused  to  pass  through  the  apparatus  at  as  nearly  a  uniform 
velocity  as  possible,  for  15  minutes,  and  the  readings  of  both  meters, 
of  the  barometer,  the  thermometers,  and  the  hygrodeik  were  ob- 
served. Several  experiments  with  various  velocities  of  the  air  were 
tried  while  the  meters  remained  in  these  positions,  after  which  the 
meters  were  exchanged  as  to  place,  327  being  moved  to  the  lower  box 
and  136  to  the  upj)er  box.  A  series  of  trials  was  then  made,  under 
these  changed  conditions,  with  warm  air  at  various  velocities,  after 
which  a  succession  of  trials,   each   also   lasting  fifteen  minutes,  was 
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made  with  cold  air  at  various  velocities,  and  with  the  meters  exchanged 
back  and  forth  from  one  box  to  the  other. 

Repetitions  of  the  various  tests  were  made,  and  all  the  results  have 
been  arranged  in  the  accompanying  tables  1  and  II.  The  meters 
were  in  all  cases  kept  continually  traveling  over  the  areas  of  the  ap- 
ertures in  the  manner  described. 

The  temperatures  of  the  boxes  A  and  B  diifered  somewhat,  owing 
to  the  passage  of  air  over  the  surfaces  of  a  heavy  cast-iron  "radia- 
tor "  which,  in  the  meter  experiments,  remained  in  the  chamber  C, 
but  was  not  supplied  with  steam.  As  this  mass  of  iron  was  colder 
than  the  warm  air  used,  and  warmer  than  the  cold  air,  the  air  was 
either  cooled  or  warmed  a  few  degrees  in  passing  from  one  meter  to 
the  other. 

In  tables  I  and  II,  the  experiments  are  numbered  in  the  succession 
in  which  they  were  made.  Column  10  gives  the  ratios  between  the 
absolute  temperatures  T'  and  T  of  the  air  at  meters  327  and  136 
respectively.  The  velocities  of  the  air  through  the  10  inch  square 
apertures,  given  in  columns  8  and  9,  are  from  the  observed  meter 
readings,  corrected  in  accordance  with  the  tables,  which  the  manu- 
facturer furnishes  with  each  instrument. 

In  column  11  are  the  ratios  between  the  quantities  of  air,  by  weight 
which,  according  to  the  meters,  passed  through  the  apertures  in  a 
given  time ;  the  quantities  W  and  W  being  calculated  from  the  cor- 
rected velocities,  the  temperatures  of  the  air  at  the  two  meters  being, 
of  course,  taken  into  account.  The  formula  by  which  these  last 
ratios  were  calculated  is 

W       VT 

The  values  of  the  letters  and  ratios  are  found  in  the  columns  of  the 
tables. 

Although  the  volume  of  the  air  was  changed  slightly  between  the 
two  meters,  by  the  change  in  its  tctupcrature  which  occurre  I  in  tfie 
chamber  (7,  yet  the  same  quantity  of  air,  by  weight,  passed  both 
metersatthe  same  instant,  for  as  the  walls  of  the  apparatus  are  air-tight, 
noairwasadilcdtoor  taken  from  the  quantity  wliich  entered  the  chamber 
H,  in  its  course  through  the  apparatus.  If,  therefore,  the  indications  of 
the  two  meters,  when  modified  by  the  proper  corrections,  had  coin- 
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^' 
cided,  the  ratios  ^^  in  column  11  would  have  been  unity  in  all  cases, 

and  the  deviations  from  unity  which  the  numbers  in  this  column  show, 
indicate  directly  the  discrepancies  between  the  two  meter  results. 
These  discrepancies  are  more  plainly  shown  in  columns  12  and  13, 
from  which  we  learn  that,  according  to  the  corrected  readings,  ,when 
meter  327  was  in  the  upper  aperture,  it  indicated,  at  low  velocities, 
with  warm  air,  2^ per  cent,  more  than  136  did  in  the  lower  aperture; 
while  with  cold  air,  it  indicated  30  per  cent.  less.  But,  when  their 
relative  positions  were  exchanged,  and  327  was  placed  in  the  lower 
aperture,  it  indicated  -with  warm  air,  30  per  cent,  less  than  136  did 
in  the  upper  aperture,  but  with  cold  air,  27  per  cent.  more. 

The  conditions  in  which  the  meters  were  placed  were,  as  nearly  as 
could  be  ascertained,  alike  in  both  apertures,  except  in  respect  to 
temperature  ;  and  all  the  conditions  were  certainly  as  carefully  ob- 
served in  these  experiments  as  they  would  be  in  most  experimental 
uses  of  this  kind  of  instrument.  The  results  of  these  experiments 
then  seem  to  show  that  the  indications  of  the  two  meters  diifered  so 
widely,  and  in  such  a  manner,  as  to  destroy  confidence  in  their  use- 
fulness when  they  are  employed  under  circumstances  at  all  similar  to 
those  described. 

The  variations  in  the  meter  indications  do  not  seem  to  follow  any 
easily  recognized  law. 

Colt's  Armory,  Hartford,  Conti.,  3Iay  29th,   1875. 

Intensity  of  Colored  Lights  for  Illumination. — Some  ex- 
periments have  recently  been  made  at  Trieste  with  a  view  to  testing 
the  intensity  of  colored  lights,  and  of  white  light  with  different  oils. 
While  no  doubt  was  entertained  that  the  best  effect  with  lights  at  a 
distance  was  had  with  white  light,  and  the  next  best  with  red,  it  was 
desired  to  ascertain  the  comparative  utility  of  other  colors  for  harbor 
lights.  Small  hand  lanterns  were  used  with  white,  red,  green,  deep, 
and  dark  blue  glasses.  With  the  white  were  used  American  petrol- 
eum, parraffin,  and  olive  oil.  At  half  a  mile  distance  the  dark  blue 
was  quite  invisible,  and  the  deep  blue  hardly  visible  (showing  their 
uselessness  for  illumination  at  sea).  The  experiments  made  to  a  dis- 
tance of  two  nautical  miles,  gave  the  following  results :  1.  That 
white  light  with  petroleum  is  more  intense  than  with  parraffin, — the 
latter  also  went  out  several  times,  so  it  lacked  the  necessary  certainty. 
2.  That  among  the  lights  with  olive  oil,  the  red  was  the  brightest — 
after  the  white — and  the  green  (Bohemian  make)  after  the  red.  The 
green  light  may  at  short  distances  be  made  to  alternate  with  the  white. 
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SYMPATHETIC  VIBRATION.* 


By    Henry    A .    Rowland,    C  .  E 


I.     Experimental. 

Among  the  most  curious  mechanical  facts  which  we  observe  in 
nature,  those  which  we  class  under  the  head  of  sympathetic  vibration 
seem  to  me  to  stand  forth  quite  prominent,  and  the  more  we  study 
them  the  more  we  are  convinced  of  their  wide-spread  nature. 

We  all  learn  the  fundamental  facts  with  regard  to  this  subject  in 
our  childhood  when  we  go  out  to  "take  a  swing."  Here  one  person 
sits  on  a  board  so  that  he  can  vibrate  back  and  forth  in  times  of 
nearly  equal  duration,  while  another  person  pushes  him  as  he  goes 
forward,  but  stops  pushing  as  he  comes  back.  In  this  way  the  work 
done  by  the  person  pushing  is  gradually  stored  up  in  the  other,  and 
the  amplitude  of  his  vibration  increases  until  the  work  done  is  equal 
to  the  work  spent  against  the  resistance  of  the  air,  when  no  further 
increase  is  obtained. 

In  this  case  we  observe  that  to  have  the  vibration  regular  and  as 
great  as  possible,  the  pushes  must  be  regular  and  made  only  while  the 
swing  is  going  forward.  If  the  pushes  are  irregular  the  vibrations 
will  be  irregular  and  will  never  obtain  great  amplitude.  These  prin- 
ciples hold  in  all  cases  of  sympathetic  vibration,  as  we  shall  see  as 
w^e  proceed.  To  illustrate  this  case  experimentally  we  can  use  the 
method  which  I  have  already  described  some  years  back  :  Let  us  make 
two  pendulums  of  equal  length  by  hanging  bullets  to  fine  silk  thread 
and  let  us  hang  the  pendulums  near  each  other,  but  so  far  apart  that 
they  can  swing  freely ;  and,  further,  let  us  connect  the  strings  of  the 
pendulums  near  the  top  by  a  piece  of  fine  yet  stiff  wire.  On  now  draw- 
ing aside  either  of  these  pendulums  in  the  plane  containing  the  two  and 
lettiii"  it  vibrate,  the  other  soon  commences  to  move,  and  its  excursions  to 
either  side  increase  more  and  more  until  we  are  soon  surpriseil  to 
observe  that  its  vibrations  have  greater  amplitude  than  those  of  the 
first;  and  soon  after  the  first  pendulum  comes  to  rest  and  the  second 
has   entirely  absorbed  its  motion.      But  soon  the  first  moves  once 

*  Head  before  the  Pi  Eta  Scientific  Society  of  the  Rensselaer  Polytechnic  Institute, 
Troy,  N.  Y.,  and  communicated  by  the  author. 


420  Chemistry,  Physics,  Technology,  etc. 

more,  its  motion  increases  and  it  is  not  very  long  before  it  has  regained 
it  all  once  more,  and  were  it  not  for  friction,  the  system  would  now  be 
in  exactly  its  initial  state.  And  so  these  two  pendulums  keep  on 
exchanging  motion  until  friction  has  destroyed  it  and  the  vibratory 
motion  of  the  pendulums  becomes  the  motion  of  heat.  But  if  one  of 
the  pendulums  is  a  little  longer  than  the  other  the  motion  is  no  longer 
exchanged,  but  the  second  one  still  moves  to  some  extent.  But  it 
soon  comes  to  rest  once  more  only  to  commence  again. 

These  phenomena  can  also  be  observed  on  a  sonometer  having  two 
strings  tuned  in  unison.  On  causing  one  to  vibrate  the  other  soon 
commences,  and  if  we  withdraw  the  bow  it  will  absorb  nearly  all  the 
motion  from  the  first  string  only  to  give  it  back  to  it  once  more  after 
an  equal  interval  of  time.  If  the  strings  are  not  exactly  in  unison 
the  second  will  still  respond  to  the  first  but  it  will  not  absorb  all  the 
motion  from  the  first. 

In  the  experiment  of  the  pendulums,  if  we  make  one  of  the  pen- 
dulum balls  larger  than  the  other  and  then  regulate  the  lengths  until 
the  proper  ones  are  reached,  the  motion  will  still  be  exchanged,  provided 
there  is  not  too  great  difference  of  size.  It  is  interesting  to  observe 
in  this  case  that  when  the  small  ball  has  the  motion  the  amplitude 
of  vibration  is  larger  than  when  the  large  ball  has  it,  and  this,  I 
consider,  to  be  a  beautiful  illustration  of  the  conservation  of  energy. 

By  taking  measurement  we  might  prove  by  experiment  that  the 
kinetic  energy  of  a  body  is  measured  by  the  half  product  of  the  mass 
by  the  square  of  the  velocity,  a  proposition  which,  I  am  sorry  to  say, 
has  been  recently  disputed  by  a  writer  in  a  journal  of  repute.  When 
one  of  the  balls  is  made  very  large,  the  motion  is  no  longer  ex- 
changed, owing  to  the  resistance  of  the  air  on  the  small  ball.  This  last 
case  corresponds  exactly  to  the  case  of  the  swing. 

All  these  experiments  can  be  repeated  in  a  most  excellent  manner 
on  bodies  swinging  by  torsion.  Plate  I,  Fig.  1  represents  two  balls 
of  considerable  weight,  hung  so  that  they  can  swing  freely  by  torsion, 
in  nearly  equal  times.  Near  the  top  of  the  wires  are  attached  two 
light  cross  pieces,  c  and  d,  at  right  angles  to  the  plane  containing  the 
wires,  and  these  are  joined  together  by  the  threads,  h  and  k.  When 
properly  regulated  the  motion  is  exchanged  in  the  most  perfect  man- 
ner, and  as  the  resistance  is  less  than  in  the  case  of  pendulums,  the 
motion  is  kept  up  longer.  The  wires  for  torsion  can  evidently  be 
replaced  by  a  bifilar  suspension. 
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We  can  modify  the  above  by  suspending  one  ball  from  the  other,  as 
in  Plate  I,  Fig.  2.  Here  the  ball  A  is  very  heavy,  and  is  suspended  by  a 
quite  thick  wire,  and  the  ball  B  is  light  and  is  suspended  by  a  thin 
wire,  so  that  the  time  of  vibration  of  A  is  nearly  the  same  as  that 
of  B.  The  first  ball  is  so  heavy  that  its  vibrations  are  little  affected 
by  B  and  it  becomes  a  nearly  fixed  point  for  the  suspension  of  B. 
Hence,  the  two  balls  are  in  a  measure  independent  of  each  other. 
The  results  with  this  are  very  curious.  When  properly  adjusted,  a 
vibration  of  A  through  a  few  degrees  will  soon  cause  the  small  ball 
to  oscillate  through  one  or  more  complete  revolutions.  The  motion 
is  exchanged  in  this  case  very  completely.  The  suspension  of  A  can 
be  bifilar  if  desired. 

If  the  wires  in  this  arrangement  are  replaced  by  threads,  we  get 
still  other  effects ;  for  when  the  lengths  of  the  threads  are  properly 
adjusted,  that  is,  are  of  nearly  equal  lengths,  we  can  swing  cither  of 
them  as  a  pendulum  and  the  other  will  answer  to  it.  Thus  a  motion 
of  the  large  ball  through  a  small  fraction  of  an  inch  may,  in  time, 
cause  the  small  ball  to  vibrate  through  a  foot  or  more,  and  the  two  will 
continue  to  exchange  motion  for  some  time.  If  one  of  the  balls  is 
made  to  describe  an  ellipse,  the  other  will  follow  it  after  a  time  on  a 
larger  or  smaller  scale  as  the  case  may  be. 

Let  us  now,  before  proceeding  further,  glance  over  the  laws  which 
we  can  glean  from  the  above  experiments.  We  see  then,  in  the  first 
place,  that  to  have  bodies  respond  to  each  other  to  any  great  extent, 
the  times  of  their  vibrations  when  free  from  each  other  must  be  nearly 
the  same.  It  is  often  stated  that  they  must  be  exactly  the  same,  but 
I  shall  show  when  we  come  to  the  mathematical  discussion  that  the 
times  must  differ  slightly.  In  the  second  place  the  two  bodies  must 
be  connected  in  some  way  so  that  each  must  influence  the  other's  vibra- 
tions. We  also  observe  that  except  for  friction  and  other  losses  the 
energy  of  the  system  is  a  constant  (quantity,  so  that  the  two  bodies 
are  never  vibrating  to  their  fullest  extent  at  the  same  time,  but  when 
one  has  the  greatest  motion  the  other  lias  the  least.  And  lastly,  on 
closely  examining  the  vibrating  bodies,  for  which  purpose  the  pendu- 
lums are  the  best,  we  perceive  that  the  body  to  which  motion  is 
being  given  always  lingers  behind  that  which  is  giving  it  motion. 

As  we  study  other  cases  we  shall  see  that  these  laws  are  general 
and  apply  to  all  kinds  of  sympathetic  vibration. 
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In  all  the  cases  which  we  have  hitherto  considered,  the  connection 
between  the  vibrating  bodies  has  been  of  the  most  obvious  charac- 
ter ;  in  the  case  of  pendulums  it  was  the  wire  between  them,  and  in 
that  of  the  two  strings  it  was  the  bridge  over  which  those  strings  were 
strung.  But  other  methods  of  connection  are  at  hand :  thus  we  could 
attach  magnets  to  the  two  pendulums  which  by  their  mutual  repulsion 
would  take  the  place  of  wire.  But  the  best  way  of  trying  this  ex- 
periment is  to  prepare  two  magnets  so  as  to  vibrate  in  nearly  equal 
times  by  loading  the  one  which  vibrates  too  fast  until  it  is  adjusted ; 
if  they  have  equal  moments  of  inertia  the  times  of  vibration  must  be 
exactly  equal.  They  may  then  be  hung  east  and  west  from  each 
other  or  in  other  positions  if  preferred,  and  they  will  then  be  found  to 
exchange  their  vibratory  motion  in  a  remarkable  manner. 

In  the  well-known  experiment  where  one  tuning  fork  is  made  to  re- 
spond to  another  of  equal  pitch  sounded  near  it,  the  medium  of 
communication  is  the  air  in  which  waves  are  formed.  But  it  is  not 
so  easy  to  see  how  the  vibrations  of  the  primary  fork  are  effected  by 
those  of  the  secondary  one.  When,  however,  we  come  to  study  the 
matter,  we  shall  see  that  the  secondary  fork  also  gives  out  waves  in 
such  a  phase  that  when  they  strike  on  the  primary  fork  they  diminish 
its  vibrations.  The  motion  is  not  generally  exchanged  in  this  case, 
because  by  far  the  greatest  amount  of  the  energy  of  the  forks  goes 
to  producing  waves  in  the  air  rather  than  motion  in  each  other  ;  but 
it  is  probable  it  does  take  place  to  some  extent. 

The  science  of  Acoustics  furnishes  many  other  beautiful  illustrations 
of  sympathetic  vibration.  Thus  when  we  bring  a  tuning-fork  near 
an  open  vessel  of  proper  size,  containing  air,  we  perceive  a  strength- 
ening of  the  sound,  which  is  called  resonance.  The  air  in  the  vessel  in 
this  case  is  the  vibrating  body,  and  could  we  make  sufficiently  delicate 
experiments  it  would  appear  that  the  vibration  of  the  tuning-fork 
was  affected  by  that  of  the  air.  This  is  shown  in  the  case  of  the 
reed-pipe,  with  tube  attached,  and  which  is  nothing  but  a  modified 
case  of  resonance.  Were  the  reed  free  its  time  of  vibration  would 
be  fixed  ;  but  when  it  is  in  place  the  tone  given  out  depends  not  only  on 
the  reed,  but  also  on  the  pipe,  thus  showing  that  they  modify  each 
other's  vibrations. 

A  striking  case  of  sympathetic  vibration  is  seen  in  sensitive  flames, 
smoke-jets,  and  jets  of  water,  for  a  description  of  which  I  refer  the 
reader  to  Prof.  Tyndall's  excellent  work  On  Sound. 
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Our  knowledge  of  sympathetic  vibration  is  of  much  use  to  us  where 
we  wish  to  analyze  a  given  compound  vibration  and  pick  out  its  ele- 
ments; for  it  can  be  demonstrated  mathematically  that  in  no  matter 
how  irregular  a  manner  a  body  may  vibrate,  we  may  still  suppose  its 
motion  to  be  made  up  of  a  number  of  regular  vibrations,  superimposed 
on  each  other.  Having  such  a  vibration,  then,  we  are  required  to 
find  its  component  vibrations.  To  produce  the  iri'egular  vibration  in 
question,  we  can  construct  the  apparatus  shown  in  Plate  I,  Fig.  3.*  To 
the  lower  edge  of  a  board  four  or  five  feet  long  Ave  suspend  a  number  of 
pendulums,  varying  in  length  from  five  or  six  inches  to  about  twenty 
inches,  and  weighing  an  ounce  or  two  each.  We  then  select  a  stiff 
wire — steel  being  the  best — of  about  No.  17  gauge,  and  as  long  as 
the  board,  and  hang  it  beneath  the  edge  of  the  board  by  fine  threads, 
an  incli  or  so  long.  We  then  tie  the  pendulum  threads  to  the  wire  at 
the  points  where  the  two  cross. 

On  now  starting  a  number  of  the  pendulums  at  the  same  time,  the 
wire  is  drawn  hither  and  thither  by  the  conflicting  pulls  of  the  pen- 
dulums, and  if  there  are  many  of  these  one  can  hardly  detect  any 
regularity  in  its  motion ;  but  it  is  regular,  not  only  because  it  is  the 
sum  of  a  number  of  regular  motions,  but  because  we  can  again  de- 
compose it  into  its  elements;  for,  on  now  hanging  on  the  wire  several 
light  pendulums,  they  will  be  agitated  by  the  motion,  but  none  of 
them  will  vibrate  to  any  extent  unless  its  time  of  vibration  is  similar 
to  that  of  one  of  the  heavy  pendulums.  In  this  case  it  will  pick  out 
that  vibration,  which  is  similar  to  its  own,  and  will  soon  attain  great 
motion. 

In  the  apparatus  shown  in  Fig.  3,  the  pendulums  B  should  be  ad- 
justed until  the  time  of  vibration  of  each  equals  that  of  the  correspond- 
ing pendulum  of  A,  after  the  whole  apparatus  is  together,  and  while 
each  pendulum  is  in  place;  and  I  may  warn  those  who  wish  to  con- 
struct it,  that  it  must  be  done  with  care. 

A  beautiful  apparatus  of  this  same  nature  has  been  described  by 
Prof.  Mayer.  Having  arranged  an  organ  pipe  in  its  proper  position, 
with  respect  to  some  tuning-forks,  he  attaches  a  prong  of  each  of 
them  to  one  point  on  the  face  of  the  organ  pipe  by  means  of  a  silk 
fibre.     The  air  in  the  organ  pipe  has,  in  general,  a  compound  vibra- 


*ThiH  was  first  describcl  by  mc  in  llie  Journal  of  tub  Fbamklin  Isstituts,  Vol. 
xciv,  p.  '27'),  1872. 
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tion  due  to  its  dividing  into  nodes  and  loops,  and  so  gives  the  point 
on  the  organ  pipe  a  motion  similar  to  the  wire  in  the  pendulum  ex- 
periment, and  the  elements  of  this  motion  are  shown  by  those  tuning- 
forks  which  vibrate. 

As  a  general  rule,  when  a  note  is  struck  upon  any  instrument,  we 
obtain  besides  the  fundamental  note  a  number  of  other  notfes  of  a 
higher  pitch  mingled  with  it,  and  called  over-tones  or  harmonics.  In 
some  cases  the  ear  is  able  to  detect  these,  but  in  others  this  is  not 
possible.  But  Helmholtz  has  found  a  method,  based  upon  sympa- 
thetic vibration,  by  which  we  can  do  this  in  all  cases.  For  this 
purpose  he  uses  what  are  known  as  resonance  globes,  which  are 
merely  globes  of  different  sizes,  with  two  openings,  one  for  placing  to 
the  ear,  and  the  other  for  the  admission  of  the  sound.  Should  the 
sound  contain  any  component  vibration  to  which  the  air  in  the  globe 
can  vibrate,  it  can  be  instantly  perceived  by  the  person  using  the 
globe. 

Koenig  places  a  number  of  these  globes  on  a  stand  together,  and 
the  vibration  of  the  air  in  them  is  shown  by  the  flickering  of  gas-jets 
attached  to  them  in  a  certain  way. 

We  have  now  come  to  another  part  of  our  subject  of  a  somewhat 
different  nature  from  that  we  have  been  considering.  Hitherto  the 
bodies  we  have  used  have  been,  for  the  most  part,  capable  of  vibrating 
in  only  one  given  time  ;  but,  as  a  general  rule,  most  bodies  are  capa- 
ble of  vibrating  in  a  number  of  ways.  Thus  a  stretched  string  can 
either  vibrate  as  a  whole,  or  can  divide  up  into  a  number  of  different 
parts,  each  of  which  vibrates ;  and  so  from  a  given  string  we  can  ob- 
tain a  large  number  of  notes. 

Such  a  body  as  we  have  described  is  capable  of  sympathetic  vibra- 
tion as  well  as  one  of  the  other  kind,  and  will,  if  possible,  accommo- 
date itself  to  the  vibrating  body. 

Thus  two  strings  of  a  sonometer,  when  tuned  to  unison,  will  respond 
to  each  other,  not  only  when  sounding  the  fundamental  note,  but  also 
when  the  first  string  is  divided  in  any  way ;  and  it  is  easily  shown  by 
placing  paper  riders  upon  the  wires  that  they  are  both  divided  in  the 
same  manner. 

This  is  also  the  case  with  the  vibration  of  plates,  as  may  be  shown 
by  sprinkling  sand  on  them  to  bring  out  the  nodal  lines.  When  two 
equal  plates  are  placed  above  each  other,  with  only  a  few  inches  of 
air  between  the  two,  and  the  upper  plate  is  caused  to  sound  by  a 


Rowland — Sympathetic  Vibration.  425 

violin  bow  so  as  to  produce  a  certain  configuration  of  nodal  lines  on 
that  plate,  we  shall  perceive,  on  taking  away  that  plate,  that  the  sand 
on  the  plate  below  is  arranged  in  exactly  the  same  series  of  nodal 
lines. 

Melde's  experiment,  of  causing  a  string  to  vibrate  by  attaching  it 
to  one  of  the  prongs  of  a  tuning-fork,  is  also  a  case  in  point. 

When  small  vessels  of  different  shapes,  containing  mercury,  are 
placed  on  the  cases  of  musical  instruments  capable  of  giving  out  a 
continuous  sound,  the  surface  will  divide  up  in  a  series  of  stationary 
waves,  intersecting  the  surface  in  the  most  beautiful  manner.  This 
effect  varies  with  the  shape  of  the  vessel  and  note  sounded.* 

Some  of  the  principles  of  sympathetic  vibration  can  be  applied  to 
the  giving  to  and  receiving  of  vibrations  from  air.  Free  air  can 
vibrate  in  an  infinite  number  of  ways,  and  we  may  not  at  first  see  how 
it  comes  under  the  head  of  sympathetic  vibration.  However,  the 
connection  between  the  two  will  be  apparent  by  simple  reasonir^'^. 

In  Fig.  4,  let  G  B  he  &  brass  rod,  firmly  fixed  at  A,  and 
with  a  light  piston,  B,  at  one  end  loosely  fitting  the  glass  tube,  B  F. 
On  now  causing  the  rod  to  vibrate  longitudinally  by  means  of  a  piece 
of  cloth  containing  resin,  and  having  sprinkled  some  light  powder  in 
the  tube,  if  we  place  a  piston  at  some  point,  (7,  the  air  in  the  tube  at 
B  C  will  vibrate  in  response  to  the  rod,  as  shown  by  the  motion  of  the 
dust.  This  is  a  case  of  sympathetic  vibration  of  the  first  kind.  By 
placing  the  piston  at  F  the  air  will  divide  into  nodes  as  in  sympa- 
thetic vibration  of  the  second  kind.  Now,  if  we  remove  the  piston, 
and  afterward  the  tube,  it  is  evident  that  though  we  shall  have  no 
nodes  and  loops  in  this  case,  yet  there  is  a  similarity  in  the  two  cases. 
For  the  stationary  waves  may  be  considered  as  formed  by  the  repeated 
reflection  of  progressive  waves  from  the  two  ends  of  the  tube. 

Let  us  now  descend  from  bodies  of  finite  size  to  the  molecules  of  a 
body  and  see  whether  they  have  any  actions  which  we  can  explain  by 
sympathetic  vibrations.  No  man  can  say  what  is  the  shape  or  size 
of  a  molecule,  or  in  what  way  it  moves,  but  of  this  we  are  almost 
certain  that  either  the  molecules  themselves,  or  some  parts  of  them 
have  a  periodic  motion  of  some  kind  which  we  may  suppose  to  be  a 


*  For  some  excellent  drnwings  of  these  see  Ann.  de  (him.  et  <le  Pliys..  5me  Serie 
Tome  i,  p.  100 
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vibration.  For  when  a  gas  is  heated  the  waves  of  light  which  it  gives 
out  have  a  definite  period  of  vibration,  as  is  shown  by  the  spectro- 
scope. Hence,  we  should  suppose  that  when  those  same  waves  strike 
upon  another  portion  of  the  gas  the  particles  of  that  gas  would  be 
set  in  motion  by  the  waves.  But  to  give  the  molecules  motion,  the 
motion  of  the  waves  must  cease  as  we  have  seen  it  to  do  in  the- case 
of  the  two  pendulums  which  exchange  motion.  Hence,  we  arrive  at 
the  law  that  those  rays  which  a  body  gives  out  when  heated  will  be 
absorbed  by  that  body  when  they  strike  upon  it.  This,  then,  is  the 
complete  explanation  of  the  dark  lines  in  the  solar  spectrum ;  and  we 
also  deduce  from  this  the  theory  of  exchanges  as  it  is  called  which 
has  been  developed  in  a  most  beautiful  manner  by  Prof.  Balfour 
Stewart. 

We  cannot  suppose  that  the  motion  of  the  waves  is  accumulated  in 
the  molecules  without  limit ;  there  must  be  something  to  take  away 
their  motion  as  it  is  given  to  them  by  the  waves.  We  do  not  know 
what  this  is,  but  it  may  be  that  the  molecules  give  out  their  motion 
once  more  in  waves  radiated  in  all  directions,  so  that  certain  of  the 
waves  which  compose  the  white  light  may  be  dispersed  in  all  direc- 
tions when  passing  through  the  gas,  and  thus  the  direct  beam  of  light 
will  lose  most  of  those  rays. 

II.  Mathematical. 

The  theory  of  this  subject  is  simple,  and  at  the  same  time  very  in- 
teresting, and,  as  I  have  not  seen  it  treated  elsewhere,  I  will  spend  a 
few  moments  in  giving  it. 

DA  C        B 

Let  the  two  bodies  A  and  B  be  drawn  to  the  points  D  and  (7,  re- 
spectively, by  forces  which  vary  directly  as  the  distances  from  those 
two  points.  And  also  let  the  two  bodies  be  so  connected,  as,  for 
instance,  by  a  spring,  that  the  mutual  force  between  them  will  be 
proportional  to  the  compression  or  stretching  of  the  spring. 

The  two  bodies,  were  they  free  from  each  other,  would  be  capable 
of  vibrating  about  the  points  D  and  C  without  influencing  each  other 
but  as  they  are  connected  the  case  will  be  difi'erent. 

Let  n  and  n'  be  the  masses  of  the  two  bodies. 

Let  X  and  y  be  the  distances  DA  and  CB  respectively. 
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Let  g  and  g'  be  the  forces  acting  on  the  bodies  when  x  and  y  are 
unity. 

Let  h  be  the  force  required  to  compress  the  spring  by  unity  of 
length. 

Then  the  equations  to  the  motions  of  the  two  bodies  are 

(Px  q       .   h  ,         .        ,  d'u  a'  h  ,         v 

=  — ^a:  +  _  (tz-x)  and   ^  =  —yy—{y-x\ 

dr  n  n  dv  n'         n' 

d-x  h  -j-  a   ,      h        ,  d^y  h  h  -\-  a' 

or, ^  —  X  — ^-^  +3/  -  ^^d  --^  =x  — — y '   ^ 

dl^  n  n  di^         n'  n' 

n  n  n'  n' 

The  solution  of  these  equations  can  be  obtained  by  the  method 
used  by  Boole  (see  Differential  Equations,  p.  310),  and  we  shall  then 
find: 

x  +  m,y=  0,e  ^^^ ^  +  «''^i  +  C^e~^ ^«  +  «'^. 

x  +  m.^=  C,e  *  ^^T^X  +  0,e  -  ^  Va~+a'm, 

where  w,  and  m^  are  the  two  roots  of  the  equation, 
am  +  a'rn^  =  h  -{-  h'm. 

To  determine  the  constants  let  the  bodies  at  the  time  <  =  0  be  at 

rest,  and  so 

^  =  Oand  ^=0.-.  C,  =  (72and  C,=  C,; 
dt  dt 

also  when  ^  =  0  let  the  body  B  be  at  C,  and  the  body  A  be   in  the 
position  a:  =  ?.     Hence 

a=a=-and  a=c,=  I; 

'        "2  2 

But  from  a  well  known  theorem, 

^pqV^^j_,-vqv~i^2cospq. 

Hence  we  have  finally, 

(1)     y= { I  co»  {t  i/_a  — a'w,)  —  COS  {t  v^—  a  —a'm^)     \ 

m. — w,    I  } 


428  Chemistry^  Physics^  Technology,  etc. 

(2)  x=    ^/^2  _  J   _  cos  {t  i/_  a-a'm)  —  —  ^^s  («v  -^-a'w^)    > 

77?2 — w^    I  w^  '        m^  ^    ) 

in  -which 

+  4/i2/m'  I    ^2=  —  {  (^*  +9')n  —  {h  +  ^)  n' —  i/ ^/^  _^  ^)y,/ 

When  Ji  =  0  there  is  no  connection  between  the  bodies,  and  the 
equations  become 

(3)  y  =  0  diXiH  X  =  I  cos  (t    j9\ 

from  which  we  see  that  B  remains  at  rest  and  A  oscillates  indefi- 
nitely in  the  time  t:    l^,  the  case   of  an  ordinary  pendulum.     When, 

however,  the  bodies  are  attached  together  so  that  h  has  a  value  greater 
than  zero,  the  case  is  different.  In  most  cases  of  sympathetic  vibra- 
tion the  bodies  only  influence  each  other  slightly,  so  that  the  value  of 
h  is  small ;  hence  in  the  discussion  we  shall  assume  that  h  is  small. 

Equation  (2)  gives  us  the  position  of  the  first  body  at  any  instant 
t ;  and  equation  (1)  gives  us  that  of  the  second  body. 

In  both  cases  the  values  of  x  and  y  depend  upon  two  periodic 
terms,  so  that  the  motion  of  each  body  is  a  vibration  compounded  of 
two  simple  or  harmonic  vibrations ;  and,  indeed,  the  motion  of  each 
may  be  represented  by  the  same  figure  used  to  illustrate  beats  in  the 
theory  of  sound. 

Thus  in  Fig.  12  the  horizontal  lines  represent  the  time  t,  the  dotted 
curves  the  values  of  two  terras  in  the  equations,  and  the  ordinates  of 
the  full  curves  the  values  of  x  and  y.  The  figure  represents  the 
general  case  when  the  entire  motion  is  not  exchanged.  We  here 
observe  that  as  t  increases  the  motion  of  A  is  gradually  given  to  B, 
so  that  the  oscillations  of  A  continually  decrease  in  amplitude, 
while  those  of  B  increase  until  we  get  to  a  certain  point,  where  the 
reverse  takes  place.  In  this  case  the  first  body  never  entirely  comes 
to  rest. 
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To  see  in  what  manner  the  bodies  must  be  arranged  in  order  that 
the  motion  of  the  second  pendulum  shall  be  the  greatest  possible,  we 
proceed  as  follows  : 

The  largest  value  which  y  can  have  as  t  increases  is  when 

co»  {fV—a  —  a'm)  =  1  and  cos  {tx/_  «  _  ^'m^)  =  —  1, 

and,  therefore,  2/i  = is  the  largest  value  of  y. 

m^  —  nil 

This  is  a  maximum  when 

{h  +  gy  —  {h  +  (j')n  =  o' 

g'     g  n'  —  n 

or,   -,=  —-\-h J— 

'  w'     n  nn' 

When  the  bodies  are  only  slightly  connected,  so  that  h  is  small,  we 

g'      g 
have'—  ^^-  which,  in  eq.  (3),  shows  that  the  time  of  vibration  of  the 

two  bodies  must  be  the  same. 

But,  in  general,  ■/-   will  have  a  greater  or  less  value  than  this,  ac- 
n' 

cording  as  n'  or  n  is  the  greater;  so  that  the  time  of  vibration  of  the 

heavier  body  must  be  less,  when  vibraiing  freely,  than  the  other  body. 

When  this  adjustment  is  made  the  maximum  value   of  y  is  ^\/^ 

n' 
and  at  the  same  time  x  becomes  o.  The  original  amplitude  of  vibra- 
of  the  body  A  was  11,  and  after  they  had  exchanged  motions  B  has 

the  amplitude  2?^/^   so  that  the  maximum  amplitudes  of  two  bodies 

exchanging  motion  in  this  way  are  inversely  as  the  square  roots  of 
their  masses. 

In  this  case,  when  the  bodies  are  adjusted  for  the  best  effect,  we 
have 


ii. 


JJ 
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These  equations  show  that  as  t  increases  the  vibrations  of  A  be- 
come less  and  less,  and  those  of  B  greater  and  greater,  until  a  cer- 
tain time,  after  which  the  reverse  takes  place  and  A  regains  its 
motion. 

To  find  the  time  of  this  cycle  we  can  proceed  as  follows :  The,  two 
terms  in  the  equations  are  periodic,  and  return  to  their  primitive  value 
after  the  times 

Now,  whenever  they  both  arrive  at  their  initial  state  together,  t!.- 
whole  system  will  be  in  its  initial  state,  and  this  will  happen  when- 
ever s  times  the  first  is  equal  to  p  times  the  second,  s  and  p  being 
any  positive  whole  numbers  determined  by  the  equation. 

This  cannot  always  be  exactly  satisfied  for  small  values  of  s  and  p 
unless  there  is  a  certain  relation  between  the  quantities  in  the  right- 
hand  member ;  but  by  giving  large  enough  values  it  can  always  be 
satisfied.     The  time  of  the  cycle  will  then  be 


27rs 


v{ 


n'/ 


It  is  to  be  noted  that  several  apparent  exchanges  of  motion  may 
take  place  before  the  complete  cycle  in  which  the  system  returns  ex- 
actly to  its  initial  state  is  gone  through  with. 

If  in  eqs.  (4)  we  make  n  very  great  and  b  very  small  the  amplitude 
of  A  will  remain  almost  undiminished  and  that  of  B  will  increase 
indefinitely.  This  is  the  case  of  a  large,  heavy  body  giving  motion 
to  a  light  one,  which  is  only  slightly  connected  with  it. 
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CONTRIBUTIONS  FROM  THE  PHYSICAL  LABORATORY  OF  THE  UNIVERSITY 

OF  PENNSYLVANIA.    NO.  l.-A  NEW  VERTICAL-LANTERN 

GALVANOMETER.* 


By  George  F.  Barker,  M.D.,  Professor  of  Physics. 

Desiring  to  show  to  a  large  audience  some  delicate  experiments  in 
magneto-electric  induction,  in  a  recent  lecture  upon  the  Gramme 
machine,  a  new  form  of  demonstration  galvanometer  was  devised  for 
the  purpose,  which  has  answered  the  object  so  well  that  it  seems  de- 
sirable to  make  some  permanent  record  of  its  construction. 

Various  plans  have  already  been  proposed  for  making  visible  to  an 
audience  the  oscillations  of  a  galvanometer  needle ;  but  they  all  seem 
to  have  certain  inherent  objections  which  have  prevented  them  from 
coming  into  general  use.  Perhaps  the  most  common  of  these  devices 
is  that  first  used  by  Gauss  in  1827,  and  adopted  subsequently  by  Pog- 
gendorff  and  by  Weber,  which  consists  in  attaching  a  mirror  to  the 
needle.  By  this  means,  a  beam  of  light  may  be  reflected  to  the  zero 
point  of  a  distant  scale,  and  any  deflection  of  the  needle  made  clearly 
evident.  The  advantages  of  this  method  are : — 1st,  the  motion  of 
the  needle  may  be  indefinitely  magnified  by  increasing  the  distmce 
of  the  scale,  and  this  without  impairing  the  delicacy  of  the  instrument; 
and  2d,  the  angular  deflection  of  the  needle  is  doubled  by  the  reflection. 
These  unquestioned  advantages  have  led  to  the  adoption  of  this 
method  of  reading  in  the  most  excellent  galvanometers  of  Sir  William 
Thomson.  While  therefore,  for  purposes  of  research,  this  method 
seems  to  leave  very  little  to  be  desired,  yet  for  purposes  of  lecture 
demonstration  it  has  never  come  into  very  great  favor;  perhaps  be- 
cause the  adjustments  are  somewhat  tedious  to  make,  and  because, 
when  made,  the  motion  to  the  right  or  left  of  a  spot  of  light  upon  a 
screen  fails  of  its  full  significance  to  an  average  auilience. 

Another  j)lan  is  that  used  by  Mr.  Tyiidall  in  the  lectures  which  he 
gave  in  this  country.  In  principle,  it  is  identical  with  that  emploved 
in  the  megascope;  i.  e.,  a  graduated  circle  over  which  the  needle 
moves  is  strongly  illuminated  with  the  electric  liglit,  and  then  by 
means  of  a  lens  a  magnified  image  of  both  circle  and  needle  is  formed 

*A  paper  read  before  the  Franklin  Institute,  .lune  10,  1876. 
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on  the  screen.  The  insufficient  illumination  given  in  this  way,  and 
the  somcAyhat  awkward  arrangement  of  the  apparatus  required,  have 
prevented  its  general  adoption. 

A  much  more  satisfactory  arrangement  was  described  by  Professor 
Mayer  in  1872,*  in  which  he  appears  to  have  made  use,  for  the  first 
time,  of  the  excellent  so-called  vertical  lantern  in  galvanometry. 
Upon  the  horizontal  plane  face  of  the  condensing  lens  of  this  verti- 
cal lantern,  Mayer  places  a  delicately  balanced  magnetic  needle,  and 
on  each  side  of  the  lens,  separated  by  a  distance  equal  to  its  diame- 
ter, is  a  flat  spiral  of  square  copper  wire,  the  axis  of  these  spirals 
passing  through  the  point  of  suspension  of  the  needle.  A  graduated 
circle  is  drawn  or  photographed  on  the  glass  beneath  the  needle,  and 
the  image  of  this,  together  with  that  of  the  needle  itself,  is  projected 
on  the  screen,  enlarged  to  any  desirable  extent.  The  defect  of  this 
apparatus,  so  excellent  in  many  respects,  seems  to  have  been  its  want 
of  delicacy ;  for  in  the  same  paper  the  use  of  a  flat  narrow  coil, 
wound  lengthwise  about  the  needle,  is  recommended  as  better  for 
thermal  currents.  Moreover,  a  year  later,  in  1873, f  Mayer  described 
another  galvanometer  improvement,  entirely  difi"erent  in  its  character. 
In  this  latter  instrument,  the  ordinary  astatic  galvanometer  of  Mellonj 
was  made  use  of,  an  inverted  scale  being  drawn  on  the  inside  of  the 
shade,  in  front  of  which  traversed  an  index  in  the  form  of  a  small 
acute  rhomb,  attached  to  a  balanced  arm  transverse  to  the  axis  of 
suspension  of  the  needle,  and  moving  with  it.  The  scale  and  index 
were  placed  in  front  of  the  condensing  lenses  of  an  ordinary  lantern, 
and  their  images  were  projected  on  the  screen  in  the  usual  way  by  use 
of  the  objective.  This  instrument  is  essentially  the  same  in  principle 
as  the  mirror  galvanometer;  but  it  cannot  be  as  sensitive  as  the  latter, 
while  it  is  open  to  the  same  objection  which  we  have  brought  against  this 
— the  objection  of  unintelligibility.  In  the  hands  of  so  skillful  an  ex- 
perimenter as  Mayer,  it  seems,  however,  to  have  worked  admirably- 

It  was  a  tacit  conviction  that  none  of  the  forms  of  apparatus  now 
described  would  satisfactorily  answer  all  the  requirements  of  the 
lecture  above  referred  to,  that  led  to  the  devising  of  the  galvanome- 
ter now  to  be  described,  which  was  constructed  in  February  of  the 

*. Journal  Franklin  Institute,  III.  Ixiii.  421,  .June,  1872.  American  Journal  of 
Science,  III.  iii.  414,  .June  1872. 

f  American  .Journal  of  Science,  III,  v,  270,  April,  1873. 
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present  year.  Like  the  first  galvanometer  of  Mayer,  the  vertical 
lantern,  as  improved  by  Morton,*  forms  the  basis  of  the  apparatus. 
This  vertical  lantern,  as  constructed  by  George  Wale  &  Co.,  at  the 
Stevens  Institute  of  Technology,  as  an  attachment  to  the  ordinary 
lantern,  is  shown  in  the  annexed  cut.  Figure  1.  Par- 
allel rays  of  light,  from  the  lantern  in  front  of  which 
it  is  placed,  are  received  upon  the  mirror,  which  is 
inclined  45°  to  the  horizon,  and  are  thrown  directly 
upward,  upon  the  horizontal  plano-convex  lens  just 
above.  These  rays,  converged  by  the  lens,  enter 
the  object  glass,  and  are  thrown  on  the  screen  by 
-^^  the  smaller  inclined  mirror  placed  above  it.  The 
upper  face  of  the  lens  forms  thus  a  horizontal  table, 
upon  which  water-tanks,  etc.,  may  be  placed,  and 
many  beautiful  experiments  shown.  To  adapt  this 
vertical  lantern  to  the  purposes  of  a  galvanometer,  a 
graduated  circle,  photographed  on  glass,  is  placed 
upon  the  horizontal  condensing  lens.  Above  this,  a 
magnetic  needle,  of  the  shape  of  a  very  acute  rhomb, 
is  suspended  by  a  filament  of  silk,  wjiich  passes  up  through  a  loop, 
formed  in  a  wire  stretched  close  beneath  the  object  glass,  and  thence 
down  to  the  side  pillar  which  supports  this  objective,  where  it  is  fast- 
ened by  a  bit  of  wax,  to  facilitate  adjustment.  The  needle  itself  is 
fixed  to  an  aluminum  wire,  which  passes  down  through  openings  drilled 
in  the  scale  glass,  the  horizontal  lens,  and  the  inclined  mirror,  and 
which  carries  a  second  needle   near  its  lower  end.f     Surrounding  this 
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*Jour.  Frank.  Inst.,  Ill,  Ixi,  300,  May,  1871  ;  Am.  J.  Sci.,  Ill,  ii,  71,  153,  .July, 
Aug.,  1871  ;  Quar.  J.  Sci.,  Oct.,  1871.  In  Duboscq's  vertical  attachment,  wliidi  was 
advertised  in  his  catalogue  in  1870,  the  arrangement  is  similar,  except  that  the  beam 
received  upon  the  mirror  is  a  diverging  one,  and  consequently  the  horizontal  lens  is 
of  shorter  focus.  A  total  reflection  prism,  placed  above  the  object  glass,  throws  the 
light  to  the  screen.  The  instrument  gives  a  uniformly  illuminated  but  not  very 
bright  field. 

fAfler  the  new  galvanometer  was  completed  and  had  been  in  use  for  several  weeks, 
I  observed,  in  re-reading  Mayer's  first  paper,  a  note  stating  that  the  idea  had  occurred 
to  him  of  using  an  astatic  combination  consistinj^  of  two  needles,  one  above  the  lens 
and  the  ofiier  below  the  inclined  mirror — the  two  being  connected  by  a  stiff  wire 
passing  through  holes  in  the  condenser  and  the  mirror.  The  plan  of  placing  the 
coil  round  the  lower  neeille  does  not  seem  to  have  suggested  itself  to  him.  Indeed,  it 
does  not  appear  that  the  arrangement  he  mentions  was  ever  carried  into  practical 
effect. 


434 


Chemistry,  Physics,  Technology,  etc. 


lower  needle  is  a  circular  coil  of  wire,  having  a  cylindrical  hollow  core 
of  an  inch  in  diameter,  in  which  the  needle  swings,  and  a  smaller  open- 
ing transverse  to  this,  through  which  the  suspension  wire  passes.  In 
the  apparatus  already  constructed  (in  which  the  upper  needle  is  five 
centimeters  long),  the  coil  is  composed  of  100  feet  of  No.  14  copper 
wire,  and  has  a  resistance  of  0  235  ohm.  The  accompanying,  cross 
section  (Fig.  2,)  of  the  vertical  lantern  galvano- 
meter as  at  present  arranged,  drawn  on  a  scale  of 
1-12,  will  serve  to  make  the  above  description  more 
clear.  A  is  the  needle,  suspended  directly  above 
the  scale-glass  D,  by  a  silk  filament,  passing  through 
the  loop  B,  close  under  the  objective  C.  This 
needle  is  attached  to  the  aluminum  wire  a  b,  which 
passes  directly  through  the  scale-glass  D,  the 
condensing  lens  E,  and  the  inclined  mirror  F  at  H, 
and  carries,  near  its  lower  end,  the  second  needle 
I.  This  needle  is  shorter,  (its  length  is  2-2  cen- 
timeters,) and  heavier  than  the  upper  one,  and  moves 
in  the  core  of  the  circular  coil  J,  whose  ends  connect 
(Fig.  -i.)  with  the  screw-cups  at  K.      This  coil  rests  on  the 

base  of  the  lantern,  enclosed  in  a  suitable  frame.  It  is  obvious  that 
when  the  instrument  is  so  placed  that  the  coil  is  in  the  plane  of  the 
meridian,  any  current  passing  through  this  coil  will  act  on  the  lower 
needle,  and,  since  both  needles  are  attached  to  the  same  wire,  both 
will  be  simultaneously  and  equally  deflected.  Upon  the  screen  is 
seen  only  the  graduated  circle  and  the  upper  needle ;  all  the  other 
parts  of  the  apparatus  are  either  out  of  the  field  or  out  of  focus. 
Moreover,  the  hole  in  the  lens  is  covered  by  the  middle  portion  of 
the  needle,  and  hence  is  not  visible.  The  size  of  the  image  is,  of 
course,  determined  by  the  distance  of  the  galvanometer  from  the 
screen ;  in  class  experiments,  a  circle  8  feet  in  diameter  is  sufiicient ; 
though  in  the  lecture  above  referred  to,  the  circle  was  16  feet  across, 
and  the  needle  was  fourteen  feet  long,  the  field  being  brilliant. 

The  method  of  construction  which  has  now  been  described,  is  evi- 
dently capable  of  producing  a  galvanometer  for  demonstration,  whose 
delicacy  may  be  determined  at  will,  depending  only  on  the  kind  of 
work  to  be  done  with  it.  In  the  first  place,  the  needles  may  be  made 
more  or  less  perfectly  astatic,  and  so  freed  more  or  less  completely 
from  the  action  of  the  earth's  magnetism,  and  consequently  more  or 
less   sensitive.     Moreover,  an  astatic  system  seems  to  be  preferable 
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to  one  in  which  damping  magnets  are  used,  since  it  is  freer  from  in- 
fluence by  local  causes ;  though,  if  desirable  for  a  coarser  class  of  experi- 
ments, the  considerable  distance  which  separates  the  needles  in  this 
instrument,  allows  the  use  of  a  damping  magnet  with  either  of  them. 
In  the  galvanometer  now  in  use,  the  upper  needle  is  the  stronger, 
and  gives  sufficient  directive  tendency  to  the  system  to  bring  the  de- 
flected needle  back  to  zero  quite  promptly.  In  the  experiments 
referred  to  below,  the  system  made  25  oscillations  per  minute. 

Secondly,  the  space  beneath  the  mirror  is  sufficiently  large  to 
permit  the  use  of  a  coil  of  any  needed  size.  Since,  therefore,  the 
lower  needle  is  entirely  enclosed  within  the  coil,  the  field  of  force 
within  which  it  moves,  may  be  made  sensibly  equal  at  all  angles  of 
deflection,  as  in  the  galvanometers  of  Sir  Wm.  Thomson.  Hence  the 
indications  of  the  instrument  may  be  made  quantitative,  at  least 
within  certain  limits.  The  circular  coil,  too,  has  decided  advantages 
over  the  flat  coil,  since  the  mass  of  wire  being  nearer  to  the  needle, 
produces  a  more  intense  field.  Were  it  desirable,  a  double  coil,  con- 
taining an  astatic  combination  could  be  placed  below  the  mirror,  the 
upper  needle,  in  that  case,  serving  only  as  an  index.  The  instrument 
above  described  has  a  coil  three  inches  in  diameter  and  one  inch 
thick  ;  the  diameter  of  the  core  being  one  inch.  Since  its  resistance 
is  only  about  a  quarter  of  an  ohm  it  is  intended  for  use  with  circuits 
of  small  resistance,  such  as  thermo-currents  and  the  like. 

The  results  of  a  few  experiments  made  with  this  new  vertical-lantern 
galvanometer  will  illustrate  the  working  of  the  instrument,  and  Avill 
demonstrate  its  delicacy.  The  apparatus  used  was  not  constructed 
especially  for  the  purpose,  but  was  a  part  of  the  University  collec- 
tion. 

Induction  Currents. — 1.  The  galvanometer  was  connected  with  a 
coil  of  covered  copper  wire.  No.  11  of  the  American  wire  gauge, 
about  ten  centimeters  long  and  six  in  diameter,  having  a  resistance 
of  0-323  ohm.  A  small  bar  magnet,  5  centimeters  long  and  weigh- 
ing six  and  a  half  grams,  gave,  when  introduced  into  the  coil,  a  de- 
flection of  40°.  On  withdrawing  the  magnet  the  needle  moved  40° 
in  the  opposite  direction. 

2.  A  small  coil,  20  centimeters  long  and  3'5  in  diameter,  made  of 
No.  16  wire  and  having  a  resistance  of  0"371  ohm,  through  which 
the  current  of  a  Grenet  battery,  exposing  4  square  inches  of  zinc 
surface,  was  passing,  was  introduced  into  the  center  of  a  large  wire 
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coil,  whose  resistance  was  0-295  ohm,  connected  with  the  galvano- 
meter. The  deflection  produced  was  20°.  The  same  deflection  was 
observed  on  making  and  breaking  contact  with  the  battery,  the 
smaller  coil  remaining  within  the  larger. 

3.  A  coil  of  No.  14  copper  wire,  sixty  centimeters  in  diameter,  and 
containing  about  40  turns,  the  resistance  of  which  was  0-85  ohm,  was 
connected  with  the  galvanometer,  and  placed  on  the  floor.  Raising 
the  south  side  six  inches,  caused  a  deflection  of  4°.  Placing  the  coil 
with  its  plane  vertical,  a  movement  of  two  centimeters  to  the  right  or  left, 
caused  a  deflection  of  3°,  and  of  twenty  centimeters,  of  10°.  A  ro- 
tation of  90°  gave  a  deflection  of  12°  and  one  of  180°,  of  24°. 
These  deflections  were  of  course  due  to  currents  generated  by  the 
earth's  magnetism. 

4.  ThermO'Currents. — Two  pieces  of  No.  22  wire  fifteen  centime- 
ters long,  were  taken,  the  one  of  copper,  and  the  other  of  iron  wire, 
and  united  at  one  end  by  silver  solder.  On  connecting  the  other  ends 
to  the  galvanometer,  the  heat  of  the  hand  caused  a  deflection  of  the 
needle  of  20°. 

5.  A  thermo-pile  of  15  pairs,  each  of  bismuth  and  antimony,  was 
connected  to  the  instrument.  The  heat  from  the  hand  placed  at  five 
centimeters  distance  caused  a  deflection  of  3°. 

6.  Two  cubes  of  boiling  water  acted  differentially  on  the  pile.  At 
the  distance  of  five  centimeters,  the  deflection  was  20°  ;  movins;  one 
to  ten  centimeters,  the  deflection  was  reduced  to  5°. 

.  7.  Voltaic  current. — A  drop  of  water  was  placed  on  a  zinc  plate. 
While  one  of  the  connecting  copper  wires  touched  the  zinc,  the  other 
was  miide  to  touch  the  water.     The  deflection  was  16°. 

The  claim  which  is  here  made  for  the  instrument  however,  is  rather 
for  the  general  principle  of  its  construction,  than  for  the  advantages 
possessed  by  the  individual  galvanometer  above  described  which  was 
constructed  at  short  notice,  to  meet  an  emergency.  The  compara- 
tively small  cost  for  which  it  may  be  fitted  to  the  vertical  lantern,  the 
readiness  with  which  it  may  be  brought  into  use,  the  brilliantly  illu- 
minated circle  of  light  which  it  gives  upon  the  screen,  with  its  gradua- 
ted circle  and  needle,  the  great  range  of  delicacy  which  may  be  given 
to  the  instrument  by  varying  the  coil  and  needles,  so  that  all  experi- 
mental requirements  may  be  answered,  and  finally,  the  satisfactory 
character  of  its  performance  as  a  demonstration  galvanometer,  all 
combine  to  justify  the  record  which  is  here  made  of  it. 
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THE  RAPID  CORROSION  OF  IRON  IN  RAILWAY  BRIDGES. 
By  Wm.  Kknt. 

A  Paper  presented,  by  request,  to  the  U.  S.  Board  appointed  to  examine  Iron,  Steel,  etc.* 


It  has  frequently  been  noticed  that  iron  used  in  railway  bridges, 
which  is  exposed  to  the  smoke,  steam  and  heated  gases  escaping 
from  the  passing  locomotives,  shows  a  greater  tendency  to  corrode 
than  iron  in  situations  not  so  exposed.  In  some  cases  the  iron  beams 
and  rods  on  the  upper  part  of  the  bridge  have  been  found  to  be  rusted 
to  such  a  depth  that  the  safety  of  the  bridge  is  endangered.  It  is, 
therefore,  important  to  learn  the  causes  of  this  rapid  corrosion,  in 
order  to  know  what  steps  must  be  taken  to  prevent  it. 

A  few  weeks  ago  some  pieces  of  iron  rust,  taken  from  a  bridge  on 
the  Pennsylvania  Railroad,  were  sent  to  the  laboratory  of  the  Stevens' 
Institute  by  Engineer  J.  M.  Wilson,  of  the  Pennsylvania  R,  R.,  and 
the  writer  made  a  qualitative  chemical  examination  of  them,  to  learn 
whether  such  examination  would  reveal  any  of  the  causes  of  the 
rusting. 

The  rust  was  in  several  pieces,  or  flat  plates,  some  of  which  were 
as  much  as  one-eighth  of  an  inch  in  thickness.  Some  were  quite  fria- 
ble, being  easily  broken  by  the  fingers,  while  others  required  a  light 
tap  with  a  hammer  to  break  them.  All  of  the  plates  were  covered  on 
the  outer  side  with  a  thick  coating  of  a  sooty  nature,  which  was  no 
doubt  finely  divided  carbon  deposited  from  the  smoke  of  the  locomo- 
tives. In  other  respects  the  rust  was  in  no  way  distinguishable  to 
the  eye  from  iron  rust  formed  in  the  atmosphere  under  ordinary  cir- 
cumstances. A  portion  of  the  rust  was  finely  powdered,  put  into  a 
flask,  and  distilled  water,  free  from  ammonia,  added.  The  flask  was 
tightly  corked,  and  exposed  to  a  gentle  heat  for  two  weeks.  The 
water  was  then  filtered  off",  and  examined  to  find  whether  anything 
had  gone  into  solution.  It  had  a  strongly  bituminous  odor,  a  thin 
oily  film  appeared  upon  the  surface,  and  it  was  neutral  to  test  paper. 
A  careful  (lualitative  analysis  showed  the  presence,  in  the  water  sol- 
ution,  of  iron,  ammonia,   sulphuric  acid,   and  traces   of  sulphurous 


*  Sent  to  this  JouaNAi,  by  Prof.  Thurston,  as  a  reprint  from  the  Iron  Age. 
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acid  and  chlorine.  Nitric  and  nitrous  acids  were  searched  for  but 
could  not  be  found.  A  separate  portion  of  the  rust  was  tested  for 
carbonic  acid,  and  it  was  found  in  considerable  quantity.  The  water 
solution  was  evaporated  to  dryness,  and  a  small  grayish  residue 
was  left. 

The  result  of  the  analysis  suggests  at  once  the  causes  of  the  rapid 
oxidation  of  the  iron.  The  presence  of  carbonic,  sulphuric  and  sul- 
phurous ;\cids,  no  matter  how  small  in  quantity,  is  suflScient  to  pro- 
mote rapid  corrosion.  The  sources  from  which  these  substances  are 
derived  is  evidently  the  escaping  gases  of  the  locomotive,  which 
contain  carbonic  acid,  carbonic  oxide,  moisture,  and  if  there  is  sul- 
phur in  the  coal,  sulphurous  and  sulphuric  acids.  The  chlorine  and 
ammonia  found  may  come  either  from  the  atmosphere,  or  from  the 
water  used  in  the  locomotive.  It  would  be  interesting  to  know  the 
action  of  each  of  the  various  gases  above  mentioned  upon  iron,  to 
learn  which  of  them  has  the  greatest  tendency  to  cause  corrosion. 
The  literature  upon  the  subject  is  not  extensive.  One  writer,  how- 
ever, Prof.  E.  Grace  Calvert,  has  conclusively  shown  that  carbonic 
acid  is  a  most  active  agent,  in  presence  of  moisture,  to  promote  cor- 
rosion. I  refer  to  papers  describing  his  experiments,  published  in  the 
London  Chemical  News,  January  28th  and  March  11th,  1870,  and 
March  3d,  1871,  and  also  to  his  experiments  upon  the  action  of  sea 
water  upon  iron,  published  in  the  Engineer,  August  25th,  1865,  and 
Engineering,  December  20th,  1867. 

Among  other  interesting  observations  Prof.  Calvert  remarks  that 
Claude  Berdoulin  first  observed  in  1683,  that  ammonia  is  formed 
when  aerated  water  acts  upon  steel.  In  1720,  E.  F.  Geoffrey  found 
that  iron  rust  formed  in  the  air  contains  moisture  and  ammonia.  In 
his  paper  of  March  3d,  1871,  Prof.  Calvert  states  that  iron  rust  is 
generally  supposed  to  be  a  hydrated  sesquioxide  of  iron,  containing 
a  trace  of  ammonia,  but  two  analyses  made  by  him  show  that  its  con- 
stitution is  much  more  complicated. 

The  following  are  the  two  analyses  mentioned.  The  specimens 
were  formed  in  the  atmosphere,  where  they  were  carefully  protected 
from  any  source  of  of  contamination  ; 

Rust  from  Llan- 

^  Conway  Bridge.  goHen. 

Ferric  Oxide,      ;  .  .  .  93-094  92-900 

Ferrous  Oxide,    .  .  .  .  5-810  6-177 
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Carbonate  of  Iron,          .             .             .  0-900  0-617 

Silica,     ......  0-196  0-121 

Ammonia,             ....  traces.  traces. 

Carbonate  of  Lime,          .             .              .  0*295 

Prof.  Calvert  asks  the  question:  "Is  the  oxidation  of  iron  due  to 
the  direct  action  of  the  oxygen  of  the  atmosphere,  or  to  the  decom- 
position of  its  aqueous  vapor,  or  does  the  very  small  quantity  of 
carbonic  acid  ■which  it  contains  determine  or  intensify  the  oxidation 
of  metallic  iron?"  To  reply  to  it,  he  made  a  long  series  of  experi- 
ments, by  exposing  perfectly  cleaned  blades  of  steel  and  iron  to  the 
action  of  different  gases.  After  a  period  of  four  months,  the  blades 
showed  the  following  results : 

Dry  oxygen — No  oxidation. 

Damp  oxygen — In  three  experiments  one  blade  only  was  slightly 
oxidized. 

Dry  carbonic  acid — No  oxidation. 

Damp  carbonic  acid — Slight  appearance  of  a  white  precipitate 
upon  the  iron,  found  to  be  carbonate  of  iron. 

Dry  carbonic  acid  and  oxygen — No  oxidation. 

Damp  carbonic  acid  and  oxygen — Oxidation  very  rapid. 

Dry  and  damp  oxygen  and  ammonia — No  oxidation. 

These  facts  tend  to  show  that  carbonic  acid,  and  not  oxygen  nor 
aqueous  vapor,  is  the  agent  which  determines  the  oxidation  of  iron 
in  the  atmosphere.  Prof.  Calvert  also  made  experiments  upon  iron 
immersed  in  water  containing  carbonic  acid,  in  sea  water,  and  in  very 
dilute  solutions  of  hydrochloric,  sulphuric  and  acetic  acids.  In  one 
case  a  piece  of  cast  iron  placed  in  a  dilute  acetic  acid  solution  for 
two  years  was  reduced  in  weight  from  15-324  grams  to  3^- grams, 
and  in  specific  gravity  from  7-858  to  2-731,  while  the  bulk  and  out- 
ward shape  remained  the  same.  The  iron  had  gradually  been  dissolved 
or  extracted  from  the  mass,  and  in  its  place  remained  a  carbon 
compound  of  less  specific  weight,  and  small  cohesive  force.  The  or- 
iginal cast  iron  contained  95  per  cent,  of  iron  and  3  per  cent,  of 
carbon,  the  new  compound  only  80  per  cent,  of  iron  and  11  per  cent, 
of  carbon.  Iron  immersed  in  water  containing  carbonic  acid  was 
also  found  to  oxidize  rapidly.  Prof.  Calvert  states  that  the  oxidation 
in  this  case  was  not  due  to  the  fixation  of  the  oxygen  dissolved  in  the 
water,  but  to  oxygen  liberated  from  the  water  by  galvanic   action. 
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The  occurrence  of  hydrogen  collected  above  the  liquid  in  the  bottles 
proved  this  sufficiently. 

When  distilled  water  was  deprived  of  its  gases  by  boiling,  and  a 
bright  blade  introduced,  it  became  in  the  course  of  a  few  days  here 
and  there  covered  with  rust.  The  spots  where  the  oxidation  had 
taken  place  were  found  to  be  impurities  in  the  iron,  which  had  induced 
a  galvanic  action,  just  as  a  mere  trace  of  zinc  placed  on  one  end  of 
the  blade  would  establish  a  voltaic  current. 

With  these  researches  of  Prof.  Calvert  before  us  we  have  no  diffi- 
culty in  accounting  for  the  rapid  oxidation  of  iron  in  railway  bridges. 
All  the  conditions  necessary  to  promote  corrosion  are  present.  The 
carbonic  acid  and  moisture  escaping  from  the  locomotives  would  them- 
selves be  sufficient;  but  when  to  this  we  add  the  sulphuric  acid  and 
chlorine,  both  of  which  were  found  in  the  analysis,  we  have,  when  they 
are  dissolved  in  the  moisture,  an  acid  or  a  saline  liquid  capable  of  the 
most  energetic  action.  Furthermore,  the  presence  of  the  carbona- 
ceous deposit  has  no  doubt  a  tendency  to  assist  the  corrosion,  both  by 
its  acting  as  a  nucleus  which  retains  the  moisture  and  acid  and  con- 
denses the  gases  within  its  pores,  and  by  its  inducing  galvanic  action, 
carbon  being  electro-negative  to  iron.  The  reason  of  the  presence  of 
ammonia  in  iron  rust  is  stated  by  Bloxam,  who  says  that  it  is  formed 
from  the  nitrogen  in  the  air  during  the  process  of  rusting.  It  ap- 
pears that  the  water  is  decomposed  by  the  iron,  and  the  liberated 
hydrogen  enters  at  once  into  combination  with  the  nitrogen  held  in 
solution  by  the  water  to  form  ammonia. 

In  connection  with  this  subject,  the  writer  has  made  an  experiment 
to  determine  the  action  of  sulphurous  acid  upon  iron,  as  follows  :  Two 
one-half  liter  flasks  were  taken,  and  in  one  was  placed  about  two 
ounces  of  clean  and  bright  wrought  iron  turnings,  and  in  the  other 
two  ounces  of  old  rusty  lath  nails.  Ten  cubic  centimeters  of  water 
was  added  to  each,  enough  to  merely  wet  the  iron,  and  a  current  of 
sulphurous  acid  gas  was  then  passed  into  each  for  a  few  minutes,  and 
the  flasks  tightly  corked  and  sealed.  The  gas  had  an  immediate  and 
enen^etic  action  in  each  case.  The  bright  turnings  at  once  became 
black,  and  then  a  white  sandy-like  deposit  appeared  in  the  bottom  of 
the  flask.  On  shaking  this  deposit  around  the  side  of  the  flask,  it 
in  a  few  minutes  changed  to  a  grayish  color,  and  afterward  a  part  of 
it  became  of  the  color  of  iron  rust.  The  lath  nails  in  the  other  flask 
at  first  lost  their  rusty   appearance,    and  then   the   white  deposit  ap- 
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peared  as  in  the  first  case.  A  third  flask  was  then  taken  and  ten 
cubic  centimeters  of  water  put  in  it  and  filled  with  sulphurous  acid 
gas  and  corked,  but  no  iron  was  put  in  it.  All  three  flasks  were  kept 
corked  for  a  week,  and  then  opened.  The  third  flask  had  a  sufi"ocat- 
ing  odor  of  sulphurous  acid,  and  the  water  in  the  bottom  contained 
both  sulphurous  and  sulphuric  acids.  The  other  flasks  were  entirely 
free  from  any  smell  of  sulphurous  acid.  The  water  was  tested  and 
found  to  contain  protosulphate  of  iron.  The  precipitate  around  the 
sides  of  the  flask  was  dissolved  in  hydrochloric  acid  and  found  to  con- 
tain sulphuric  acid  and  iron,  both  as  ferrous  and  ferric  oxides.  The 
iron  nails  and  turnings  were  weighed  and  found  to  have  lost  nearly  1 
per  cent,  of  their  original  weight.  This  experiment  seems  to  show 
that  sulphurous  acid  is  rapidly  changed  into  sulphuric  acid  in  the 
presence  of  iron  and  moisture,  and  that  the  iron  is  thereby  rapidly 
corroded.  The  sulphurous  acid  escaping  from  the  locomotives  must, 
therefore,  be  considered  one  of  the  most  active  agents  of  the  corro- 
sion of  railway  bridges. 

Stevens'  Institute  of  Technology, 

Chemical  Laboratory,  May  \^th,  1875. 


OLECULAR    CHANGES    IN    METALS.* 


By  Prof.  R.  II.  TnuRSTON. 

In  a  series  of  articles  contributed  to  the  Scientific  American  during 
the  past  year,  the  writer  gave  an  outline  of  the  various  phenomena 
aff'ecting  the  strength  of  metals  used  in  construction,  and  described 
some  that  were  peculiar  in  character  and  but  recently  discovered, 
illustrating  these  facts  by  graphic  representions  of  the  changes  of  re- 
sistance with  change  of  form,  such  as  were  obtained  bv  the  automatic 
action  of  the  autographic  testing  machine  of  the  Mechanical  Labora- 
tory of  the  Stevens'  Institute  of  Technology.  There  are  some  phe- 
nomena which  cannot  be  conveniently  exhibited  by  strain  diagrams; 

*Reprinte<l,  wi(h  the  auUuirH  corrections,  from  the  Scientific  Amerirnn  of  March  -7th. 
VOL.  LXIX.— TniRD  Series.— No.  C— .Tcne,  l^TO.  31 
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such  are  the  molecular  changes  which  occupy  long  periods  of  time. 
These  phenomena,  which  consist  in  alterations  of  chemical  constitu- 
tion and  molecular  changes  of  structure,  are  not  less  important  to  the 
mechanic  and  the  engineer  than  those  already  described.  Requiring, 
usually,  a  considerable  period  of  time  for  their  production,  they 
rarely  attract  attention,  and  it  is  only  when  the  metal  is  finally  in- 
spected, after  accidental  or  intentionally  produced  fracture,  that  these 
effects  become  observable. 

The  first  change  to  be  referred  to  is  that  gradual  and  imperceptible 
one  which,  occupying  months  and  years,  and  under  the  ordinary  influ- 
ence of  the  weather,  going  on  slowly  but  surely,  results  finally  in  impoit- 
ant  modification  of  the  proportions  of  the  chemical  elements  present,  and 
in  a  consequent  equally  considerable  change  of  the  mechanical  proper- 
ties of  the  metal.  The  process  of  oxidation,  or  corrosion,  is  such  a  pro- 
cess, and  is  the  most  familiar  one.  Cast  and  wrought  iron  are  both 
subject  to  it,  the  latter  to,  by  far,  the  most  serious  extent.  Cast  iron 
is  comparatively  little  affected  by  oxidation,  even  where  exposed  in 
wet  situations  or  to  alternate  moisture  and  dryness.  Wrought  iron, 
under  ordinary  conditions  of  exposure,  is  said  to  be  become  rusted  to 
the  depth  of  a  sixteenth  of  an  inch  in  a  quarter  of  a  century.  In 
exceptionally  trying  situations,  it  corrodes  far  more  rapidly.  Steam 
boilers  are  sometimes  rusted  through,  about  the  water  legs,  at  the  rate 
of  a  sixteenth  of  an  inch  a  year,  and  instances  have  been  known  of 
even  more  rapid  work  than  this.  Exposure,  however,  while  produc- 
ing oxidation,  has  another  important  effect :  It  sometimes  produces 
an  actual  improvement  in  the  character  of  the  metal. 

Every  mechanic  knows  that  old  tools,  which  have  been  laid  aside  or 
lost  for  a  long  time,  seem  to  have  acquired  exceptional  excellence  of 
quality.  Razors  which  have  lost  their  keenness  and  their  temper  re- 
cover, like  mankind,  when  given  time  and  opportunity  to  recuperate. 
A  spring  regains  its  tension  when  allowed  to  rest.  Farmers  leave 
their  scythes  exposed  to  the  weather,  sometimes,  from  one  season  to 
another,  and  find  their  quality  improved  by  it.  Boiler  makers  fre- 
quently search  old  boilers  carefully,  when  reopened  for  repairs  after 
a  long  period  of  service,  to  find  any  tools  that  may  have  been  left  in 
them  when" last  repaired;  and  if  any  are  found,  they  are  almost  in- 
variably of  unusually  fine  quality.  The  writer,  when  a  boy  in  the  shop, 
frequently  if  denied  the  use  of  their  tools  by  the  workmen,  looked 
about  the  scrap  heaps  and  under  the  windows  for  tools  purposely  or  care- 
lessly dropped   by   the   workmen  ;  and    when    one   was    found  badly 
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rusted  by  long  exposure,  it  usually  proved  to  be  equal  to  the  best  of 
steel.  One  of  tlie  most  striking  illustrations  of  this  improvement  of 
the  quality  of  wrought  iron  with  time  has  recently  come  to  the 
knowledge  of  the  writer.  The  first  vrought  iron  Trails  ever  made 
were  designed  by  Robert  L.  Stevens,  about  the  year  1830,  and  were 
soon  afterward  laid  down  on  the  Camden  and  Amboy  Railroad.  These 
were  Welsh  rails,  and,  when  put  down,  were  considered,  and  actually 
were,  brittle  and  poor  iron.  Many  years  later,  these  were  replaced 
by  new  rails,  but  until  quite  recently  some  still  remained  on  sidings. 
When  a  lot  of  unusually  good  iron  was  wanted,  some  of  these  rails 
were  taken  up  and  re-rolled  into  bar  iron.  The  long  period  of  ex- 
posure had  so  greatly  changed  the  character  of  the  metal  that  the 
effect  was  unmistakable.  These  facts  are  stated  by  gentlemen  upon 
whom  perfect  reliance  may  be  placed. 

"But,"  it  will  be  asked  at  once,  ''how  can  such  changes  occur  with- 
out apparent  cause,  however  long  the  time?"  There  are  probably 
two  methods  of  improvement,  each  due  to  an  independent  molecular 
action.  In  the  case  of  the  razor  and  the  spring,  which  regain  tiieir 
tempers  when  permitted  to  rest,  it  seems  probable  that  a  molecular 
rearrangement  of  particles,  disturbed  by  change  of  temperature  in 
one  case  and  by  alternate  flexing  and  relaxing  in  the  other,  goes  on, 
much  as  the  elevation  of  the  elastic  limit  and  the  increase  of  resisting 
power,  discovered  by  the  writer  and  shown  on  the  strain  diagram, 
takes  place  under  strain  and  set.  The  other  cases  may  probably  be 
due  to  a  combination  of  this  physical  change  with  another  purely 
chemical  action,  which  is  illustrated  best  in  the  manufacture  of  steel 
by  the  cementation  process.  In  this  process,  iron,  imbedded  in  char- 
coal and  kept  at  red  heat,  gradually  absorbs  carbon  and  becomes 
steel.  Here  the  element  carbon  enters  the  solid  masses  of  iron,  and 
diffuses  itself  with  greater  or  less  uniformity  throughout  their  volume. 
There  seems  to  exist  a  tendency  to  uniform  distribution  which  is  also 
seen  in  a  thousand  other  chemical  changes.  Many  chemical  professes 
are  accelerated,  checked,  and  even  reversed  by  simple  changes  of 
relative  proportions  of  elements,  which  compel  acceleration  or  re- 
versal as  the  only  means  of  securing  this  uniformity  of  distribution. 

When,  tlierefore,  wrought  iron  containing  injurious  elements  capa- 
ble of  oxidation,  is  exposed  to  the  weather,  the  surface  may  be  re- 
lieved by  the  combination  of  these  ekmiiits  with  oxygen,  and  the 
surcharged  interior,  by  this  tendency  to  uniform  difl'usion,  is  relieved 
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by  the  flow  of  a  portion  to  the  surface,  there  to  be  oxidized  and  re- 
moved. This  process  of  flow  goes  on  until  the  metal,  after  lapse  of 
years  perhaps,  becomes  comparatively  pure.  Meantime  the  occurrence 
of  jarring  and  tremor,  such  as  rails  are  subjected  to,  may  accelerate 
both  this  and  the  previously  described  change. 

The  effect  of  strains  frequently  applied,  during  long  intervals  of 
time,  is  quite  difl'erent,  however,  where  they  are  so  great  as  to  exceed 
the  elastic  range  of  the  material.  The  efi"ect  of  stresses  which  strain 
the  metal  beyond  the  elastic  limit  has  already  been  referred  to  in  the 
Scientific  Ainerican.  The  case  of  the  porter  bar  (of  which  a  sketch 
was  given,  showing  how,  after  a  long  period  of  severe  usage,  it  finally 
broke  suddenly,  exhibiting  the  peculiar  fracturecharacteristicof  such 
a  method  of  rupture)  will  probably  be  remembered  by  many  readers. 
A  still  more  marked  case  has  recently  come  to  the  notice  of  the 
writer. 

The  great  testing  machine  at  the  Washington  Navy  Yard  has  a  ca- 
pacity of  about  300  tons,  and  has  been  in  use  35  years.  Quite 
recently.  Commander  Beardslee,  whose  valuable  work  has  been  alluded 
to  in  this  paper,  subjected  it  to  a  stress  of  288,000  lbs.,  but  it  subse- 
quently broke  down  under  about  100  tons.  The  connecting  bar 
which  gave  away  had  a  diameter  of  five  inches,  and  should  have 
originally  had  a  strength  of  about  1,000,000  lbs.  Examining  it  after 
rupture,  the  fractured  section  was  found  to  exhibit  strata  of  varying 
thickness,  each  having  a  characteristic  form  of  break.  Some  were 
quite  granular  in  appearance,  but  the  larger  proportion  were  distinctly 
crystalline.  Some  of  these  crystals  are  large  and  well  defined.  The 
laminae,  or  strata,  preserve  their  characteristic  peculiarities,  whether 
of  granulation  or  of  crystallization,  lying  parallel  to  their  axis  and 
extending  from  the  point  of  original  fracture  to  a  section  about  a  foot 
distant,  where  the  bar  was  broken  a  second  time  (and  purposely) 
under  a  steam  hammer.  It  thus  diff"ers  from  the  granular  structure 
which  distinguishes  the  surfaces  of  a  fracture  suddenly  produced  by 
a  single  shock,  and  which  is  so  generally  confounded  with  real  crys- 
tallization. This  remarkable  specimen  has  been  contributed  by  the 
Navy  Department  to  the  cabinet  of  the  Stevens'  Institute  of  Tech- 
nology. 

The  somewhat  similar  instance  of  the  dropping-off  of  the  end  of 
an  immense  shaft  at  the  Morgan  Iron  Works,  some  time  since,  while 
the  opposite  end  was  under  the  steam  hammer,  has  been  described  in 
the  Scientific  American. 
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Were  more  conclusive  evidence  required  of  the  occurrence  of 
crj'stallization  of  iron,  it  has  recently  heen  given  by  an  interesting 
incident  at  the  Stevens'  Institute  of  Technology.  A  student  while 
annealing  a  number  of  steel  hammer  heads,  left  them  exposed  all 
night  to  the  high  temperature  of  tlie  air  furnace  in  the  brass  foundry. 
When  finishing  one  of  them,  a  careless  blow  broke  it,  and  the  fractured 
surface  was  found  to  possess  a  distinctly  crystalline  character. 

[In  the  illustration,  Figure  1  is  a  magnified  representation  of  the 
surface  of  fracture.  The  two  holes  shown,  penetrating  the  mass,  are 
those  drilled  in  the  first  operation,  preparatory  to  fitting  the  h-indle. 
The  facets  of  the  crystals  are  seen  to  be  remarkably  perfect  and  well 
defined.  Figure  2  represents  the  hammer  on  very  nearl}'  the  natural 
scale.] 


Iiq.2 


In  this  example,  however,  the  faces  were  nearly  all  pentagonal, 
and  were  usually  very  perfectly  formed.  These  illustrations  are  con- 
clusive of  the  question  whether  iron  may  crystallize  under  the  action 
of  long  continued  and  severe  shocks,  or  of  high  temperature.  When 
imperfect  crystals  are  developed,  it  is  easy  to  mistake  them,  but  the 
formation  of  pentagonal  dodecahedra,  in  large  numbers  and  in 
perfectly  accurate  forms,  may  be  consi<lered  unmistakable  evidence  of 
the  fact  that  iron  may  crystallize  in  the  cubic,  or  a  modified,  system. 
This  may  apparently  take  place  either  by  very  long-continued  jurrin"' 
of  the  particles  beyond   their  elastic  limits,  or  under  the  action   of 
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high  temperature,  by  either  mechanical  or  physical  tremor.  But  no 
evidence  is  given  here  that  a  single  suddenly  applied  force,  producing 
fracture,  may  cause  such  a  systematic  and  complete  rearrangement  of 
molecules.  The  granular  fracture  produced  by  sudden  breaking,  and 
the  crystalline  structure  produced  as  above  during  long  periods  of 
time,  are,  apparently,  as  distinct  in  nature  as  they  are  in  their  causes. 
The  broken  hammer  head  is  so  beautiful  and  perfect  an  illustration, 
and  such  instances  are  so  rare,  that  it  has  been  drawn  and  engraved 
by  the  accomplished  gentlemen  attached  to  the  Scientific  American, 
and  is  c'iven  in  this  article  as  the  first  illustration  of  the  kind  which 
lias  appeared  in  the  literature  of    engineering. 

Stevens'  Institute  of  Technology,  Hoboken,  N.J. 


On  the  Manufacture  of  Paper.— M.  Aime  Girard,  Professor 
at  the  Conservatoire  des  Arts  et  Metiers  of  Paris,  has  recently  com- 
municated to  the  French  Academy,  the  results  of  his  micrographic 
study  of  the  tissues  employed  in  paper  making,  which  will  be  of  in- 
terest to  those  engaged  in  this  branch  of  manufacture.  M.  Girard 
has  determined  under  the  microscope  the  form,  the  dimensions  and 
the  special  characteristics  of  each  of  the  fibers  employed  in  paper 
making  at  the  present  day.  He  has  also  made  photo-micrographs  of 
these  fibers.  As  a  result  of  these  examinations,  he  has  been  led  to 
formulate  the  precise  conditions  which  a  fiber  of  good  quality  for 
making  paper,  should  fulfill. 

Very  much  has  been  said,  for  example,  of  the  value  of  length  in 
fibers  designed  for  use  in  the  manufacture  of  paper;  but  this  concern 
about  long  fiber  has  no  foundation  in  the  facts  of  the  case.  The 
crude,  and  in  fact  the  finished  pulp,  is  composed  of  fragments  meas- 
uring either  from  0-3  to  0-5  of  a  millimeter,  in  short  pulp;  or  from 
one  to  one  and  a  half  millimeters,  (one  twenty-fifth  to  one  sixteenth 
of  an  inch)  in  the  long  pulp ;  it  is  rare  to  find  this  length  exceeded. 
Now  there  is  no  vegetable  fiber  known,  the  length  of  which  is  not  at 
least  equal  to  the  latter  figures.  Hence  there  is  no  vegetable  fiber 
too  short  for  the  manufacture  of  paper. 

There  is  however  a  condition  which  is  of  extreme  importance  in 
this  relation.  It  is  that  the  fiber  should  be  fine  and  elongated  ;  that, 
in  a  word,  the  ratio  of  its  length  to  its  diameter  should  be  considera- 
ble. Tiiis  ratio,  for  a  fiber,  after  cutting  and  pulping  in  the  paper 
machine,  should  be  as  50  to  1  as  a  minimum ;   moreover,   the  fiber 
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should  be  elastic ;  and  finally,  it  should  be  flexible  and  capable  of 
being  bent  and  twisted  with  facility.  It  is  under  these  conditions 
alone  that  the  felting  of  the  fiber  can  give  solidity  to  the  sheet.  On 
the  contrary,  the  tenacity  of  the  fiber,  which  is  sometimes  considered 
so  essential,  has  in  fact  only  a  secondary  importance ;  since  when  a 
sheet  of  paper  is  torn,  the  fibers  themselves  are  almost  never  ruptured, 
but  escape  entire  from  the  felted  mass  by  sliding  over  their  neighbors. 
In  short,  the  value  of  a  vegetable  fiber  designed  for  the  manufacture 
of  paper  does  not  depend,  as  is  so  often  asserted,  upon  its  length,  nor 
even  upon  its  tenacity,  but  before  all  these,  upon  its  elasticity,  upon 
the  fineness  of  its  diameter,  and  upon  the  facility  with  which  it  may 
be  bent  on  itself. 

Having  fixed  these  principles,  M.  Girard  classifies  provisionally, 
while  awaiting  the  results  of  further  research,  the  principle  substances 
employed  in  the  manufacture  of  paper  into  five  different  groups. 
These  classes  comprise :  1st,  Round  fibers  having  well  marked  nodes. 
2d,  Smooth  fibers  or  fibers  with  indistinct  nodes.  S'l,  Fibro-cellular 
substances.     4th,  Flat  fibers ;  and  5th,  Imperfect  materials. 

1.  Round  fibers  ivith  well  defined  nodes. — Such  fibers  are  those  of 
hemp  and  flax.  The  textile  fiber  of  hemp  is  different  from  its  paper- 
making  fiber.  The  former  is  composed  of  finer  fibers  cemented  to- 
gether, and  forming  large  bundles  even  one-tenth  of  a  millimeter  in 
diameter.  In  the  pulp  of  hemp  scrap,  the  fibers  are  ^letached  from 
the  bundles  and  are  separately  visible,  appearing  in  the  form  of 
nearly  cylindrical  rods,  intersected  by  frequent  transverse  nodes  which 
give  to  them  the  appearance  of  bamboos.  The  diameter  of  these  fibers 
varies  from  one-fiftieth  to  one-eightieth  of  a  millimeter.  These  fibers 
are  fissile,  splitting  easily  into  a  multitude  of  fibrillje,  which  clasping 
each  other  firmly,  give  to  the  paper  made  from  canvas,  a  very  great 
solidity.  Flax  presents  in  its  fibers,  great  similarity  with  hemp. 
But  its  fissiiity  is  less  pronounced  and  the  diameter  of  the  fibrilhe  is 
less,  varying  from  one-eightieth  to  one  hundreth  of  a  millimeter. 

2.  Bound  smooth  fibers,  7iodes  in dtsdnct. — In  this  class  belong  es- 
parto grass,  jute,  phormium  fiber,  palmetto,  hop,  and  sugar  cane. 
England  consumes  annually  250,000  tons  of  esparto  grass.  Its  fiber 
is  fine  and  slender,  measuring  only  one-hundredth  of  a  millimeter  in 
diameter,  and  being  five  millimeters  in  length.  The.se  fibers  felt  to- 
gether very  well.  Of  jute,  England  consumes  200,000  tons  a  year. 
Hnder  this  name  are  included  various  East  Indian  vegetable  products. 
The  fibers,  while  closely  analogous  for  the  different  varieties,  resemble 
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in  general  those  of  hemp  and  flax.  The  fibers  of  phormium  tenax 
are  very  similar  to  those  of  esparto,  and  felt  well  together.  The  pal- 
metto, when  treated  chemically,  gives  round  fibers,  having  nodes,  but 
much  finer  than  those  of  hemp  or  flax.  The  hop  has  recently  begun 
to  attract  the  serious  attention  of  manufacturers,  and  for  some  time, 
it  has  been  employed  for  paper  making.  An  important  advance  has 
lately  been  made  in  this  direction,  by  improvements  made  in  the  con- 
struction of  machines  for  decorticating  the  plant.  From  the  bark 
thus  detached,  two  sorts  of  fibers,  mixed  together,  are  extracted.  One 
of  these,  and  this  the  most  abundant,  measures  about  one-hundreth  of 
a  millimeter;  the  other  measures  about  one-thirtieth  of  a  millimeter. 
The  latter  seem  to  possess  a  certain  fissility,  analogous  to  flax 
and  hemp.  Sugar  cane  is  at  present  treated  in  the  Antilles  by 
a  chemical  process.  From  the  bagasse,  fibers  are  extracted  in  this 
way,  which  are  round  and  regular,  and  which  may  be  readily  bent 
and  twisted. 

3.  Fibro-cellular  substancen. — Of  these  the  most  common,  is  the 
pulp  obtained  from  rye  or  wheat-straw,  by  submitting  it  to  the  action 
of  caustic  soda  under  pressure,  at  a  temperature  of  120°  to  130°  C. 
This  pulp  is  a  mixture  of  round  fibers  with  indistinct  nodes,  which 
bend  easily,  with  larger  grains  or  cellules  of  various  forms.  It  is  to 
the  presence  of  these  grains,  incapable  of  being  felted  or  bent,  that 
M.  Girard  attributes  the  defects  recognized  in  all  straw  paper. 

4.  Flat  fibers. — These  fibers  comprise  those  of  cotton,  of  wood  ex- 
tracted by  chemical  processes,  of  the  agave,  of  the  paper  mulberry 
and  of  the  bamboo.  The  flat  fibers  of  cotton  are  easily  bent.  The 
polygonal  fibers  of  pine  and  fir  wood,  split  up  into  flat  fibers,  in  the 
middle  of  which  the  dotted  tissue  appears.  The  production  of  these 
fibers  is  to-day  a  very  wide  spread  mechanical  industry.  The  fiber 
.of  the  agave  is  fiat  and  easily  twisted.  The  mulberry  gives  a  flat  and 
very  long  fiber.  The  trial  of  the  bamboo  for  the  benefit  of  the  paper 
maker  seems  on  the  eve  of  assuming  a  considerable  industrial  impor- 
tance. The  fiber,  analogous  to  that  of  the  paper  mulberry,  is  flat  and 
may  be  bent  with  facility. 

5.  Imperfect  materials. — In  concluding  this  list  of  the  vegetable 
substances  employed  in  the  manufacture  of  paper,  it  is  necessary  to 
mention  the  pulp  obtained  by  the  mechanical  comminution  of  wood. 
This  pulp  is  not  made  up  of  fibrous  materials,  properly  so-called.  It 
is  composed  of  bundles  of  fibers,  still  adhering  together,  sometimes 
in  so  great  a  number  as  to  constitute  true  sticks.  The  element  thus 
mechanically  produced  from  the  wood  is  a  rigid  fragment,  incapable 
of  beincr  bent,  or  of  giving  a  solid  felt.  The  introduction  of  such 
material  into  paper  can  produce  only  very  unsatisfactory  results. 
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